ABSTRACT

OBERNUEFEMANN, KELSEY PIPER Assessing the Effects of Scale and Habitat
Management on Residency and Movement Rates of @émaped Sandpipers at the Tom
Yawkey Wildlife Center, South Carolina. (Under thieection of Jaime A. Collazo.)

| evaluated the influence of inter-wetland distaand the timing of drawdowns on local
daily survival (residency) and movement probabitifyfsemipalmated Sandpipef3alidris
pusilla) during the springs of 2006 and 2007 at the TowRké&y Wildlife Center (YWC),
South Carolina. There is growing interest in deiaing the scale at which coastal wetlands
are functionally connected and how managemententtas their use by migrant shorebirds.
Parameters of interest were estimated using mialte snodels and encounter histories
obtained from resight and telemetry data. Datawetlected in the spatial context of three
clusters of multiple wetland units each separaiedistances of 2.6 to 4.1 km and two
hydrologic treatments--a slow and fast draw doWean length of stay was 2.99 d (95% Cls
=2.45 - 3.52) in 2006 and 4.57 d (95% Cls = 2.5992) in 2007. Residency probability
was influenced by a negative and significant inteos between estimated percent fat at
capture and southerly wind speed. This meantdifferences in departure rates by birds
with varying body conditions were minimized. Skftye percent of all marked birds stayed
within 2 km from their banding location. Movemembbabilities were negatively related to
inter-cluster distance and bird density. In thatisp context of YWC there was functional
connectivity among the clusters that were ~2.5 kartapnovement was negligible between

units at nearly twice that distance (4.1 km). Camytto expectations, the average probability

of surviving and not moving for birds in slow-maeagunits was higher than birds in fast-

managed units®>%00s = 0.488,D°%007 = 0.654). On average, birds marked in fast-



managed units moved out at high rat#sdos = 0.399,( 2007 = 0.467). Higher prey biomass

and bird density in slow-managed units influencbsgenved residency and movement rates.
My findings advocate for conservation strategied tlentify functionally connected wetland
units and suggested that habitat supplementatioshfarebirds during peak migration can be
met by carefully planned staggered, slow drawdowitse effectiveness of fast drawdowns
is vulnerable to differential prey base qualityggence of birds on previously exposed
habitat, failure of water control structures to igte properly, and the possibility of

mismatching peak migration and rapid drawdown im@etation.
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THESISINTRODUCTION

The life history of shorebirds renders them unigwelnerable to habitat loss and
alteration due to their proclivity to concentrateamall number of stopover sites during
their annual migration (Myers et al. 1987). Atleatopover site, northbound shorebirds
strive to accumulate sufficient fat reserves toticare migration and reach the breeding
grounds in good pre-reproductive condition. Consedly, one of the goals of the U.S.
Shorebird Conservation Plan is to ensure thatesetistopover sites there is both an adequate
guantityof accessible habitat and that habitat is of logjgality for migrating birds under
intense time and energy constraints (Brown etG012

Small calidrid shorebirds require water depthsveen 0 to 4 cm to forage and are
capable of responding rapidly to newly availablbited (Baker 1979, Rundle and
Fredrickson 1981, Weber and Haig 1996, Davis andS1998, Collazo et al. 2002).
However, their ability to locate and move to newitat is limited by the scale at which they
perceive wetland landscape. Functional connegtisia component of landscape
connectivity, and it is dependent upon the behaVvi@sponses of an organism to elements of
the landscape (Tischendorf and Fahrig 2000). Relsess have recognized functional
connectivity as a fundamental factor influencing thovement rate of shorebirds; such that a
highly connected landscape enables more movemeasrighmabitat patches, and hence
allows shorebirds to spend less energy searchingigber quality patches of food (Skagen
1997, Farmer and Parent 1997). High quality habda be made available through one of
two water level drawdowns regimes during migratidnslow drawdown gradually lowers

the water level in a managed unit to continuoustyjae newly accessible habitat



throughout the season, whereas a fast drawdovmmplemented to augment accessible
habitat quickly and is typically timed to match gemaigration.

There have been no prior studies on how coastaébirds might perceive wetland
connectivity at their spring stopover sites aldmg Atlantic coast. Likewise, while previous
studies have examined the numeric response oflsihdsdo different drawdown rates, none
has quantified the functional (behavioral) respcafser the numeric response. Specifically,
residency and movement probabilities reflect deasimade by shorebirds to take advantage
of conditions that may facilitate maximizing preyake. Such data would be useful to
formulate management schemes at appropriate dcadesure the availability of suitable
habitat for spring migrants (see Skagen 1997),a&alhe given that the Atlantic coast
provides stopover habitat for an estimated 2.5iomilshorebirds dependent on inland
wetlands (Brown et al. 2001).

The goals of my study were to understand the emfite of scale and habitat
management at a spring stopover site on the movegdsn and residency (S) rates of
Semipalmated Sandpipers at the Tom Yawkey Wildliénter, South Carolina. | conducted
management experiments in 2006 and 2007 and uskidtate models to estimate
parameters of interest using encounter historiesedban resight and telemetry data. |
addressed three objectives: 1) determine the rd&ywg residency rates of Semipalmated
Sandpipers during spring migration, 2) determireertsidency and movement rate of
Semipalmated Sandpipers among three, spatiallggatgd wetland clusters, and 3)
determine the residency and movement rate of Sém#tad Sandpipers between wetland

units under two hydrologic treatments. Knowledgd msights gained from this work will



be useful to assess management tradeoffs, optiwhthair conservation value to migratory

shorebirds.



CHAPTER 1
Introduction

The demography of migratory shorebirds is unigweiyerable to habitat availability
and quality due to their proclivity to concentratea small number of sites during their
annual migration (Myers et al. 1987). During sgrmigration, coastal shorebirds utilize
long “skips” or “jumps”, characterized by intensifagtening and abrupt departures at a
threshold date from sites where food is abundaryefslet al. 1987, Piersma 1987,
Harrington et al. 1991). During this punctuatedumation process, shorebirds have to decide
whether to stay in the current wetland unit, mava tifferent unit, or leave the stopover site
entirely and continue migration. Mean length afysat these stopover sites may vary
according to the birds’ arrival date (Warnock anshBp 1998), body condition (Dunn et al.
1988), wind direction (Butler et al. 1997), ancsjuality (Schneider and Harrington 1981,
Ydenberg et al. 2002). Site quality can be afi@dtg prey availability (Farmer and Wiens
1999, Hicklin and Smith 1984), size of availabléitat (Ydenberg et al. 2002, Pomeroy
2006) and amount of accessible habitat (Collazd. 2002). Studies also suggest that
shorebird habitat use and migration strategiesnéliteenced by the spatial context of
wetlands and connectivity among them (Farmer amdr?d4997, Skagen 1997, Niemuth et
al. 2006, Taft and Haig006a, b).

Landscape connectivity is the “degree to whichl#melscape facilitates or impedes
movement among resource patches” and arises framplea interactions between landscape
structure and organism movement behavior withireeahchy of spatial scales (Taylor 1993,
Goodwin 2003, Belisle 2005). Landscape connegtigia function of both structural

connectivity, which is independent of any attribateéhe organism of interest, and functional
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connectivity, which is dependent upon the behaVi@sponses of an organism to various
elements in the landscape (Tischendorf and Fal®d@R Distance is an obvious example of
an attribute independent of the organism. ConWgrdee ability of the organism to
overcome a barrier (e.g., flying over forested eatihan open tracts) or initiate movement in
response to the presence of other organisms, ampes of behavioral responses to
elements in the landscape. Of course, theremitslto both forms of connectivity and these
define the dispersers’ performance (Doak et al219%ith et al. 1997, Tischendorf and
Fahrig 2000). One must therefore determine thike stavhich species respond to such
elements, emphasizing that connectivity is spe@ad-landscape-specific (Tischendorf and
Fahrig 2000, D’Eon et al. 2002, Sanzenbacher ang 2i02a, Belisle 2005).

A landscape’s connectivity can determine foragimgcess when organisms, such as
migrating shorebirds, forage over multiple patcf@sodwin 2003). Shorebirds can rapidly
respond by arriving in newly exposed habitat ititde as 4 to 24 hours (Rundle and
Fredrickson 1981, Collazo et al. 2002). Movemeanbrag patches can be costly due to the
energy expended in searching for high quality sitesrefore a highly connected landscape
reduces those costs and allows shorebirds to thkengage of more food patches (Farmer
and Parent 1997, Belisle 2003)aluable insights and advances in this area ofarebehave
been gained from studies of wintering (SanzenbaahérHaig 2002a, b; Taft and Haig
20064, b), breeding (Plissner et al. 2000, Ham.62002), and mid-continental migrating
shorebirds (Skagen and Knopf 1994a, b; Skagen F&er and Parent 1997). For
example, Farmer and Parent (1997) postulated dhd&dctoral Sandpiper€élidris
melanoto} wetlands that were separated by >1100 m weretifurally isolated. Movement

rates between functionally isolated wetlands we0e08. Taft and Haig (2006a) suggested
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that the influence of prey density on the distnidtof wintering Dunlin Calidris alping
was most appropriately assessed on wetlands thratwithin 2 km of each other. Within
this spatial scale, Dunlins concentrated in thetrposductive sites that were closer to a
wetland neighbor. During a wet year the lands@apmgext was unimportant because prey
density was fairly uniform across wetlands.

There are no complementary data to make inferegloegt how coastal shorebirds in
southeastern United States might perceive wetlandectivity at their spring stopover sites.
Such data would be useful to formulate managenst@ses at appropriate scales to ensure
the availability of suitable habitat for spring magts (see Skagen 1997). The need for such
data is further underscored by the fact that tHarAit coast provides stopover habitat for an
estimated 2.5 million shorebirds dependent on ohlartlands (Brown et al. 2001).

However, additional work is needed to determinetivieinferences from other studies can
be generalized. Wintering and breeding birds nehale differently because they are under
different time and energy constraints. Likewisél4zontinental spring migrants utilize
different migration strategies due to the ephemea#iire of interior wetlands (Skagen and
Knopf 1993, Skagen 1997).

In spring of 2006 and 2007, | evaluated the infeesof scale and wetland
management on shorebird residency and movemestoafemipalmated Sandpipers
(Calidris pusillg at the Tom Yawkey Wildlife Center (YWC), SouthrGkna. These
parameters express results in terms of structlgailents of the landscape and the functional
(behavioral) responses by shorebirds to the siitgctors considered in this study (Goodwin
2003). 1 used encounter histories of marked imtligls and multi-state models to obtain

parameter estimates (Kendall and Nichols 2004)th@toroadest scale of analysis, the



refuge level (YWC), | modeled how body conditiordgratterns of southerly wind speed

influenced residency rates. Residency rates ¢y darvival probability (é) were defined as
the probability that a bird, banded at the YWC agid remains to dait+1. | used percent
body fat at capture to index body condition (Dubhale1988). My interest in these factors
stemmed from their importance in determining thenhar and duration of stops for migrant
shorebirds and because wetland management is dddigimprove the ability of migrants
to meet their energetic requirements (Loech €t@95, Lyons and Haig 1995, Butler et al.
1997, Farmer and Wiens 1999, Akesson and Hedeng®®®, Hostetler 2004, Lyons and
Collazo in press).

At a smaller scale, or within refuge, | estimategidency and movement rates among

clusters of wetlands (i.e., inter-cluster modeREsidency rates§1) were defined as the
probability that a bird, banded at clusten dayi, remains at YWC to day1. Movement
rates (Psi¢) were defined as the probability that a bird, hih clustej on dayi, moves

to another cluster on dayl. At this level | was interested in determinwigether wetland
clusters were functionally connected and the netatnportance of site quality, distance, bird
abundance, and size of wetlands in this proceggofunities to assess the influence of
scale were possible at YWC because its wetland ané arranged in three, spatially
segregated clusters of multiple units each. WY ié¢C did not contain replicate wetland
contexts and inter-wetland distances as in stumidsarmer and Parent (1997) and Taft and
Haig (2002a, b), it provided a landscape where stimdéngs and predictions about
connectivity could be explored further. For exampltested whether wetland clusters at

YWC were functionally connected given that the ekigair of clusters was separated by 2.6



km and the farthest by 4.1 km. Farmer and Paf&¥@4) suggested that wetland units were
effectively isolated if movement rates among theas#/0.08. | also modeled the influence
of bird density. Taft and Haig (2002a, b) quastifthe relationship between bird density
and prey density, and hinted at the possible rbherd density in attracting more birds to a
wetland. A positive relationship might providethar evidence of how behavioral responses
contribute to functional connectivity (Belisle 2003 explicitly tested this possibility as
shorebirds might be drawn to each other becaugeréhgupon group foraging to facilitate
prey detection and predator avoidance (Creswelt1Barbosa 1995, Lima 1995). Finally, |
also estimated prey biomass (mgf¥end accessible habitat (0-4 cm water depth)ctt ea
cluster. Estimates reflected the combined effetta/o hydrologic manipulations: a slow or
a fast drawdown. A slow drawdown gradually lowtrs water level in a managed unit to
make habitat accessible to foraging shorebirdsutjirout the season. A fast drawdown is
implemented to augment accessible habitat quitigycally timed to match peak migration.
The individual influence of each hydrologic manguidn on shorebird residency and

movement rates was addressed in Chapter 2.

Study Area

The Tom Yawkey Wildlife Center (YWC) is locatedtime Santee Delta-Cape
Romain area of Georgetown County, South Carolih& a site of regional importance in
the Western Hemisphere Shorebird Reserve Netwibtkarbors 5% of the flyway
population or 20,000 individuals during the migrgteeason, including the Semipalmated
Sandpiper (Marsh and Wilkinson 1991, Weber and H8R6). YWC is composed of

approximately 8,000 hectares of marsh, maritimedgrupland pine forest, and ocean beach.



YWC'’s three main islands (North Island, South Islamd portions of Cat Island) are
separated from the mainland by the IntracoastaEWety.

The study area was located on South Island (79°183%10’N) and consisted of 13
brackish managed wetlands ranging in size fronol&Stha. Each wetland unit has one
primary, and in some cases, multiple secondaryveatatrol structures which allow
managers to control the depth and drawdown ratieeoivetland unit. Managed wetland
units were characterized by gradually sloping bu®f soft mud, surrounded by a
perimeter ditch. While the majority of each wetlamit was open water, most have areas of
widgeongrassRuppia maritimg sea purslanesgsuvium maritimuymuskgrassGhara
spp.), saltmarsh bulrusB¢irpus robustys black needle rushRlgncus roemerianiissmooth
cordgrass$partina alterniflorg, and giant cordgrasSpartina cynosuroidegsvithin the
managed wetland unit (Weber and Haig 1996).

Managed wetlands were arranged in three sets taBpaegregated groups of
wetland units, hereafter referred to as clusteigufe 1). Cluster 1 consisted of three units,
namely, Cooperfield (13 ha), Blackout Pond (34dra) Penfold Pond(22 ha). Cluster 2
consisted of the Southeast Goose Pasture (28 de&§@uthwest Goose Pasture (55 ha).
Cluster 3 consisted of Upper Pine Ridge Pond (38lzaly’s Pond (12 ha), Santee Pond (45
ha), Twin Sisters Pond (65 ha), Lower Lower Resé¢h®ha), Middle Lower Reserve (69
ha), Upper Lower Reserve (27 ha) and Northern Req@3 ha) (see Table 1). During this
study, clusters were treated alike in the sendectlery cluster contained at least a pair of
units under a slow and fast drawdown schedule drdiggic treatment (see Chapter 2, Table
1). Within each cluster, units under study comgatithe dominant or co-dominant feature in
terms of suitable habitat for shorebirds. In @dustl, 2, and 3, the proportion of wetlands
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managed for shorebirds was 69%, 54%, and 45%,ctepy. The remaining wetlands in
the clusters were unsuitable for shorebirds theyeweéher flooded or completely drawn

down and hardened.

Methods

Bathymetric Profiles

Bathymetry maps were constructed for each wetlaniidiu 2006 because changes in
vegetation cover had occurred since 1999 (datkeofrtost recent available aerial imagery)
and no prior bathymetric profiles of the wetlandtsihad been createdBathymetry data
were used to estimate accessible habitat (0-4 ciarwlapth) for shorebirds as a function of
gauge readings every week in 2006, and daily irv260ring the migratory season. |
initiated the process by recording depth and a @@8ing every 9-10 m along 2-4 transects
that bisected each management unit (as in Figurd@&nsects were positioned to account
for as much heterogeneity in each unit as possibith unit was subsequently
photographed from the air (~700 m) using an unmawmeeial vehicle (UAV). The UAV
was operated by a team from the University of El@iCooperative Research Unit. Aerial
photographs were then digitized and geo-referetedyital ortho quater quad®0OQQs)
of Yawkey Wildlife Center from 1999. Bathymetrytdavere then combined with the geo-
referenced photos to produce maps depicting adtedsbitat as a function of gauge

readings.
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Invertebrate Sampling

| sampled invertebrates three times in 2007 toinlastimates of prey biomass for
each wetland unit within each cluster. The inisaimpling was conducted 17-18 May,
closely matching peak of migration and implemepotabf the fast drawdown. Subsequent
sampling events were a week apart (24-25 May; 3¢ Ma June). Invertebrates were
collected from primary sampling plots, one in eadtland unit. Plots were aligned with the
bottom contour of the managed unit to insure thaivly available habitat” would be
sampled throughout the season. Each primary @st% m x 5 m, subdivided into five
secondary plots which were 10 m x 5 m. Within esetondary plot there were 50 subplots
of 1 . Within each primary plot, two 1 subplot sampling units were selected randomly
during each sampling period and sampling was dem6ut replacement” because the
subplots were altered during sampling (e.g., care@ing). A five-gallon bucket (radius =
13 cm, height = 36 cm) with the bottom cut out wasd to isolate the water column,
preventing the escape of any aquatic invertebrafée. bucket was pushed through the water
and into the bottom substrate in a random locatibhin the randomly chosen subplot. |
pumped the water into gallon zip lock bags for $ggort back to the field house. Once the
water was extracted from within the bucket, | uaddand bulb planter (radius = 3.75 cm,
height = 10 cm) to extract two mud core samplemsfrathin the area contained by the
bucket. Each core sample of mud was 5 cm deep.bé&hthic core samples were placed in
zip lock bags for transport to the field house.tl# field house, 20 cm diameter sieves down
to 425 microns (W.S. Tyler Company, Mentor, OH) evased to separate the invertebrates

from the water or mud substrate. The water andhemvertebrates were kept separate and
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placed in vials according the sample location agribg, and preserved in a 10% formalin
solution.

After the field season, the invertebrates weretifled to either Class (Gastropoda,
Polychaeta, Oligochaeta), Order (Amphipoda, Cole@ptDiptera, Odonata, Trichoptera) or
Family (Chironomidae, Corixidae) using a 20x disisecmicroscope at North Carolina State
University. Invertebrates were placed individualhyin groupings of five on Millipore glass
fiber prefilters, and then placed in a Precisioav@ty Convection Oven for four hours at 70°
C in order to remove any water. Dried invertelsatere weighed using a Thermo
Electronic Microbalance to the nearest 0.1 mg.e®wweights for the invertebrates were
expressed as a density in milligrams per cubicigeters of either water or mud for each

sample.

Mark-Encounter Histories

In 2006, 500 birds were captured with mist-nets iadd/idually color-marked during
10banding sessions (1-3 days each) from 10 May t#@l&8 In 2007, 502 birds were
captured and marked over 16 banding sessions ctattlecery other day from 7 to 18 May
and every day from 18 to 28 May. Captured birdsevkept in a ventilated cardboard box up
to 2 hours or until all birds were processed. 8ikre weighed to the nearest 0.5 g using a
Pesola spring scale and measurements of theeriledtwing chord (carpal joint to the wing
tip to the nearest 1.0 mm) and bill length (bl to feather margin on forehead to nearest 0.5
mm) were also recorded. Colored bands were plandbe tibiotarsus. Birds were also

outfitted with a metal USFWS band on their lowdt leg (tarsometatarsus). This work was
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conducted under IACUC (Institutional Animal Careldgse Committee) permit number: 06-
039-0.

In 2006, data consisted only of encounters of enlarked shorebirds. Encounter
history data were generated by recording uniquera@dmbinations of 4 Darvic UV resistant
UPVC colored leg bands assigned to each capturdddbon right leg, 2 on left leg). In
2007, | supplemented color-marking with radio ted¢m to increase the probability of
detection, and thus, increase the likelihood ddtneg factors of interest in this study to
shorebird responses. Low vegetation obstructetddegls in some cases and some birds
might have been missed if they occurred in therimteections of the larger wetland units.
Accordingly, 72 of the 502 Semipalmated Sandpipaggured in 2007 were also
instrumented with transmitters. The 0.56 g rachm$mitters (Model BD-2N Holohil
Systems Ltd., Woodlawn, Ontario, Canada) were gtadte lower backs of each bird
following methods described in Warnock and Warn@d@®93). The radio transmitter was
glued with waterproof epoxy (Liquid Bonding Cemehorbot Group, Inc., Cranston, Rhode
Island) to clipped feathers on the lower back atbootm anterior to the uropygial gland.
The transmitters were less than the suggested 3#binfl's body mass, and the retention
time was expected be less than 7 weeks (Bishop 20@4). Transmitters were allocated
among the 3 clusters of impoundments on a rot&idgy schedule banding every day from
18 May to 28 May and split near evenly between g[®Wbirds total) and fast treatments (35
birds total). | placed transmitters on 18 birdewsn = 11, fastn = 7) in cluster 1, on 10
birds (slown = 5, fastn = 5) in cluster 2, and on 44 birds (slow 21, fasinh = 23) in cluster
3. Transmitters were allocated among clusterscdoaseheir relative acreage and
Semipalmated Sandpiper population size (e.g.,@Bhad the largest area and thus the
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largest population of Semipalmated Sandpipers,endiister 1 had the smallest area but the
second largest observed population of Semipalnaaedipipers).

Visual encounters (resights) in 2006 were obtalmedurveying the study area every
day (including banding day), except on three o@raswhen it was done at two day intervals
to allow time for invertebrate sampling and shorélsurveys. Similarly, surveys in 2007
were performed every day (including banding daysept during invertebrate sampling
days. Tracking of instrumented birds was done\eslay of the season. During resight
surveys, all managed wetland units under treatifagproximately 425 ha) were searched
from the dyke surrounding each unit, as well asvhiking into the managed wetland units
where substrate and water depths allowed. Telgraearches were performed using R-1000
telemetry receivers (Communication Specialists,, I@cange, CA) with an RA-14K “H”
style handheld antenna (Telonics, Inc., Mesa, Akacking was done in teams of two to
simultaneously locate telemetered birds using gdation from 14 pre-determined listening

stations placed throughout the study area.

Bird Population Index

Weekly shorebird counts were conducted to obtaiiea of changing population
numbers at YWC. However, because | could not sarmath of the wetland units in their
entirety, | made counts from three randomly locatievey points at each managed wetland
unit and treated it as an index of the populatiensity. Counts at each managed wetland
unit were made within a 100 m radius fixed arethefpoint to standardize results (birds/unit

area). Within the 100 m area, | assumed that tletewas 1 or nearly so.
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wind

The possible influence of “southerly winds” on si#urd residency was modeled
using an expression that excluded all winds thatccbe considered “head winds” or those
less than 90 degrees or greater than 270 degvéesils from a southerly direction might aid
northbound shorebirds in their movement among stepareas (Butler et al. 1997). This
covariate was calculated swind= -X v; cod I; wherel; = 1 if co%); is < 0, otherwisé; = 0
(J. E. Lyons, Patuxent Wildl. Res. Ctr, pers. comnihe closest source of wind data to
YWC was the Charleston International Airport, 80 &auth of YWC. Hourly surface wind
data were collected by the National Climatic Daémtér. Surface winds were used because
they are the cues birds on the ground use to fgemitnds aloft (Skagen and Knopf 1994b,

Akesson and Hedenstrdm 2000, Liechti 2006).

Data Analysis

Shorebird count data (birds/ha) were analyzed uAM@VA with survey, cluster,
and the interaction survey*cluster as model terdR 1994). The response variable was
log transformed to meet homogeneity of variancesragtion. Similarly, invertebrate data
were analyzed using ANOVA with the response vaeslileing the biomass of invertebrates
(all taxa) in the water column, muddy substratesambined (all taxa, all substrates). Model
terms were sampling period, cluster, wetland uitiivw cluster and sampling period *
cluster interaction (JMP 1994). Data were powangformed (*0.95) to meet homogeneity
of variances assumption.

| combined invertebrate taxa by substrate beca0%ed all taxa were represented

(shared) among clusters and because prey biomas®&i taxa did not differ among
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clusters or substrate (Appendix I). Semipalmataddpipers are known to prey on all of the
prey items found in YWC (Weber and Haig 1996), hkel most migratory shorebirds, they
are known for their dietary flexibility (Skagen a@unan 1996, Parrish 2000). Therefore, it
is unlikely that pooling data by substrate maskedinfluence of any particular prey item on
foraging patterns by migrant Semipalmated Sandpiperesponse to drawdown schedules.
This possibility was further minimized because gwduster contained multiple units under
various levels of accessible habitat and becaesgnients to most managed units were re-
assigned between 2006 and 2007.

The weight and wing chord measurements were wsedl¢ulate estimated percent
fat (epf), which is a body condition index for edsihd based on the equation epf = 100
((WT-FFW)/WT), where WT is the total body weightdBRFW is the fat-free weight (Page
and Middleton 1972, Dunn et al. 1988). Fat-freégives were calculated based on the
equation FFW =-9.0513 + 0.3134 (wing length) (Page Middleton 1972). The estimated
percent fat (epf) dataset, then, was divided ime sampling occasions each year (May 7-
10, May 16-17, May 18, May 19, May 20, May 21, M&25, May 26, and May 27-28). |
examined patterns of variation between years amgkiag occasion using ANOVA with
year, sampling occasion, and the interaction yeamdsion as model terms with epf as the
response variable (JMP 1994). Inter-cluster viamain epf in 2007 was examined with
ANOVA. Cluster and sampling occasions (and inteoas) were the main effects (JMP

1994).
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Residency Rates — Refuge Level Assessment

In 2006, | estimated residency rates based on eteohistories from visual
recaptures or resight data. | combined encournséories from resight and telemetry data in
2007. A joint analysis of the two data types, nefé to as groupg in models, has the
advantage of increased precision of estimates Hagvéhe ability to test for differences in
the encounter rates of the two cohorts (Nasutial.€2001). | used the “recaptures only”
module in Program MARK (White and Burnham 1999).2006, there were 22 sampling
occasions, or 21 intervals. In 2007, there wersdpling occasions or 23 intervals. Every
sampling occasion represents a complete seartie séfuge. In most cases this search took
1 day, but in a few instances complete coverage 2otays. | also estimated the mean
length of stay (MLS) of shorebirds each year usmMygS = - 1/In (daily residency
probability) (Brownie et al. 1985). Estimates sladoe taken only as an approximation of
MLS because this formula assumes constant suranalbprevious work modeling shorebird
residency rates has shown that rates vary seag¢Batismore and Collazo 2003, Lyons and
Collazo 2005). Estimates reported herein are basdte seasonal average of daily
residency probabilities.

| examined 12 models of residency and recaptues far 2006. These include reduced
parameter models and “pre-defined” (i.e., naivelle®that included constant and time-specific
residency and constant recapture rates. Naive Isf#l¢), p ¢)] and [S (.), pt)] were not
included on the final list due to the high numbgintervals for which the parameter was non-
estimable. Two covariates were used to model eesig rates—estimated percent fat (epf) and
southerly wind speed (Swind). While epf was meadumly at capture, 500 birds were captured
throughout the season. Thus, | also explored ¢issible interaction between epf and Swind.
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Finally, I also explored whether residency ratesewsest described by a linear (T) or curvilinear
(TT) trend (sensu Dinsmore and Collazo 2003, Lyamd Collazo 2005). | used the median
procedure in MARK to estimate the variance inflatfactor. | used the Akaike’s Information
Criterion modified to account for small sample diaeselect the most parsimonious model
(Burnham and Anderson 2002). Models with QAKCZ were considered models with highest
support. The priori model set evaluated for 2006 is listed below.

S{(h p{()}

S {0} p{()}

S{(M} {p ()}

S{TN} {p ()}

s {(epf)}. {p ()}

S {(Swind)}, {p (.)}

S{(TT+eph}, p {()}

S{(TT+epf+TT*epf)}, p {(.)}

S {(TT+Swind)}, {p (.)}

S {(TT+epf+Swind)}, {p ()}

S {(epf+Swind+Swind*epf)}, {p ()}

S {(TT+epf+Swind+Swind*epf)}, {p ()}

Similarly, | examined 20 models of residency anchpgure rates for 2007. These
models differ from 2006 in that encounter histomesse made up visual (i.e., resight) and
telemetry data. Recapture rates were modeledrdithencounter source (i.e., group) or
disregarding source (i.e., combined). | did neotude {(g*t)} models on the list due to the high
number of non-estimable parameter intervals. Naigdels accounting for detection probability
by source (i.e., {pd)}) ranked higher (QAICc) than constant {p (.)} tme-varying models {p

(t)}. Therefore, survival was modeled with recaptprebabilities by source. Theepriori

model set evaluated for 2007 is listed below.
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S{O} p{(O)}

S{(OL p{(®)}

S{®} p{()}

S{®O} p{(1}

S{@)} p{()}

S{(9} p{(1}

S{(O} p{(9)}

S{(9)} p{(9)}

S{®} p{(9)}

S {(epf}, p {(9)}

S {(Swind)}, p {(9)}

S{(M} p{(9)}

S{(MN} p{(9)}

S {T+epf+T*epf), p {©)}

S {TT+epf+TT*epf), p {Q)}

S {(T+epf)}, p {g}

S {(T+Swind)}, p {g}

S {(T+epf+Swind)}, p {0}

S {(T+epf+Swind+Swind*epf)}, p @}
S {(epf+Swind+Swind*epf)}, p §}

Inter-Cluster Residency and Movement Rates

Residency and movement rates were estimated usowyster histories generated in
2007 by both resight (collected from 8 May to 1he)uand telemetry (collected from 18 May to
11 June) techniques. Encounter histories weredcbgeluster. Treatment within cluster was
ignored because each cluster was treated alikeatretich contained wetlands under both slow
and fast drawdowns. | expressed accessible hgbaatn relative terms (i.e., proportion in
cluster of interest/sum of accessible habitat liclakters) to account for the fact that each eust
had a different areal extent. Inter-cluster distawas the nearest neighbor distance from the
perimeter of each cluster to the closest point meighboring cluster’s perimeter measured using
ArcGIS software (Farmer and Parent 1997). Theadst between clusters 1 and 2 was 4.1 km;

between clusters 1 and 3 was 2.8 km; and betwestecs 3 and 2 was 2.6 km.
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Seven covariates were used to model residency avément rates. These were
estimated percent fat (epf), southerly wind sp&adirid), prey biomass (mg/cinindex of bird
density (birds/ha), proportion of accessible hahitaluster of interest/sum of accessible habitat
in all clusters, total area in each cluster (hag§l average distance between each set of two
clusters (m). Estimated percent fat and southeiyg speeds were used only to model its
influence on residency rates. Conversely, tothaf individual clusters (ha) and average
distance between sets of clusters were used omhottel their influence on movement rates.
These covariates were modeled as additive effectstber constant or time-varying S and Psi
models using reduced parameter models. Time-vauyiadels also included linear (T) or
guadratic (TT) terms as it has been shown the easiglrates may vary in a curvilinear fashion
(e.g., Dinsmore and Collazo 2003) and | hypothesthat movement rates might increase or
decrease as a function of MLS. Wind and acceshk#ibitat data were collected on every
sampling occasion and manually entered to model ¢fiects on time-varying S and Psi using
reduced parameter models. Bird density index aag biomass data were collected on fewer
occasions due to field logistic constraints. Rishsity index was estimated weekly on five
occasions; prey biomass was estimated on thresioosa Although | acknowledge that this
was a limitation, my goal was primarily to gainigtgs about the influence of these variables on
a time varying context with as many estimates gsstics permitted. To minimize spurious
interpretation of results, data were collectechim shortest possible intervals and were closely
aligned with migration events and treatment impletagon. For example, prey was first
sampled on 17-18 May 2007, closely matching peaketiird migration and implementation of
the fast drawdown. Subsequent sampling events aveg-25 May and 31 May — 1 June, a
week apart. | also constructed two sets of maithasreflect the interaction between body
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condition (epf) and southerly wind speeds (Swiad)d prey biomass and accessible habitat (site
guality interaction). The rationale for the intetian between epf and wind covariates was
outlined above. The rationale for the interacti@ween prey and access stems from the fact
that prey for Semipalmated Sandpipers occurs ih that water column and muddy substrate.
As such, patterns of prey richness and density vaay with water levels. It follows that
foraging quality might be highest when physicalditions allow shorebirds to forage in both
substrates simultaneously (eg0-4 cm water depth).

| constructed 54 models to evaluate variation gidency rates$) and movement
rates (Phig). Thea priori model set included pre-defined (i.e., naive) medslwell as
reduced parameter models (Appendix Il). Naive neoff (t), p @*t), Psi )} and {S @*t),
p (g*t), Psi @*t)} were not included because the number of nonyestiie intervals was high.
Analysis was done using the “multi-strata recapuely” module in Program MARK
(White and Burnham 1999) used the Akaike’s Information Criterion to seléhe most
parsimonious model (Burnham and Anderson 2002)dé¥owithAAICc < 2 were
considered models with highest support. | couldatdain an estimate c-hat to adjust
models for overdispersion, much of it probably st@ng from the gregarious behavior of
shorebirds. Some models had observed c-hat vaiue8 to 5.20. Values3 suggest that
there is a possibility that some models might eaeive higher support when in fact they
should (Lebreton et al. 1992). As suggested byc6@@md White (2006), | assessed the
sensitivity of top models to incremental valuesr@dian c-hat (e.g., 1.5, 2.0, 2.5). This ad
hoc process leads to more conservative model smgie., fewer parameters) and can

suggest if other models should have received greafgport. Adjustments re-ordered the top
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2 models AAICc < 2). However, models were exactly alike except thaone parameter (T
vs. TT term). Since the number of models explaved large, | only report those with a
AAICc <10 (Burnham and Anderson 2002). Finally, | usddreges of S and Psi to separate
movement and residency probabilities by clusterog@oand White 2006). | was interested

in depicting the probability of a shorebird survigiand not moving from a particular cluster

(i.e., D, ®? ord®). Expressing results in this fashion should aiters to discern better
the relationship between site quality, distance madagement.

Careful consideration of four model assumptiongigortant to interpreting these
results. First, | assumed that every color-maiiied had the same probability of being
resighted in sampling periadand that every marked bird had the same probgbilit
surviving from sampling periodto i+1, assuming that it was alive and present in the
population at the time the survey was conductelde Same applied to instrumented birds.
Second, | assumed that emigration (i.e., departsas)permanent. | believe that this
assumption was met because coverage of the stadyg ams frequent and surveys included
all available shorebird habitat at YWC, reducingutes that color bands or instrumented
birds were overlooked (e.g., temporary emigratiddlpport for my assumption also comes
from the work of Lyons and Collazo (2005). Thewrid no evidence of temporary
emigration problems during their study of telemeteBEemipalmated Sandpiper at YWC in
2001 after routinely checking adjacent wetlandsrduaerial surveys. Some birds might
have emigrated to near-by sandbars and mudflageewlj to South Island in Winyah Bay
and along the ocean beach (Weber and Haig 1996)hése areas are used for roosting.
Foraging takes place primarily within YWC. Thildassumed that marks (i.e., color bands,

transmitters) were not lost and that in the cassotifr bands, all were correctly recorded.
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This assumption was corroborated at least for maiers—no losses were recorded during

this study. Parameter estimates were reportedtasate + standard error.

Results

Total counts (birds/ha) of Semipalmated Sandpipeeked around 15 May in 2006.
Counts did not differ among clustefs £ 0.762, df = 2, 57 = 0.471; Figure 3). Seasonally,
counts in cluster 3 were fairly consistent in congzn to greater variability in the other two
clusters (Figure 4). The average estimated pefaefgpf) in 2006 was 9.07 (SE = 0.58)
whereas in 2007 it was 9.27 (SE = 0.51). As tlasae progressed, newly captured birds had
higher epf valuesH = 21.45, df= 17, 76y = <0.0001). In 2007, epf was significantly
greater in cluster than in either of the other clustefs£ 8.26, df= 2, 499p < 0.0003).

Southerly winds were recorded with greater frequen@006 (65%) than in 2007
(45%). In 2007, winds from the south averaged idhk(SE = 0.21), increasing at a rate of
0.08 km/hr/day throughout the migratory season£$E02;F =5.49, df =1, 19 = 0.03).
Highest rates of departure (i.e., low residency)ensssociated with highest wind speeds
(Figure 5). A notable exception was recorded iryi2d". Daily accessible habitat (ha) in
each of the three clusters of wetland units ina@dagasonally as the water level was drawn
down to accommodate migrating shorebirds (FigureTd)e marked decrease in accessible
habitat on June 2 and 3 in 2007 was caused bytallaévent of ~6.35 cm.

Prey biomass (mg/cHincreased gradually as the season progressedpbut
significantly F = 0.369, df = 2, 33 = 0.69), see Appendix 1 for details). Prey bioniass

the mud core was not significantly different amahgsters F = 0.765, df = 17, 1 =
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0.12). However, prey biomass in the water colunas gignificantly higher in cluster 3 than
either clusters 1 or F(= 2.491, df= 17, 18 = 0.009).

In 2006, residency rates were best described bgdehwith a curvilinear trend in
residency rates (TT), estimated percent fat, solytinend and an interaction between
estimated percent fat and southerly wind (i.e. dstWQAICc weight = 0.47, Table 2). The
variance inflation factor was = 1.02. Visual encounter probability was constant (0;082
95% Cls = 0.063 - 0.105). The interaction betweghand southerly wind speed was
significant and negative = -0.0177; 95% Cls = -0.0329 - -0.0026; Table Bje effect of
the interaction between epf and the speed of sdytivinds was to minimize the difference
in residency rates between high and low epf val(égss was illustrated by predicted values
of daily survival probability as a function of tagerage high and low values of epf (Figure
8). Seasonal residency probabilities and MLS fad&@are depicted in Figure 7. The
seasonal MLS was 2.99 days (95% Cls = 2.45 - 3.B2sed on QAICc(2.0), a second
plausible model featured the effects of epf andn8wirable 2).

In 2007, residency rates were best described bgdehthat included a linear trend in
residency rates (T), estimated percent fat, solytends, and the interaction between epf
and southerly winds (QAICc weight = 0.54, Table Zhe variance inflation factor was

€ =1.187. Encounter probabilities varied by group (i.esight, telemetry). Estimates of
encounter probability were 0.113 for resight (95%:©.091 — 0.138) and 0.702 (95% Cls:
0.643 — 0.754) for telemetry. The interaction kesw epf and Swind was significant but
negatively related with daily survivajg = -0.0088, 95% Cls = -0.0169 to -0.0008; Table 5).

Seasonal residency probabilities and mean lengstegffor 2007 were depicted in Figure 9.
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The mean length was 4.57 days (95% Cls = 2.592) 8 One other model could be
considered a plausible alternative (i.e., QAKC2.0). It featured a linear trend in residency
rates, epf and Swinds and recapture probabilityegroup (Table 4).

Twenty-seven percent of all color marked and imagoted Semipalmated
Sandpipers did not move from the site where thengwaptured. Cumulatively, 60% did not
move more than 1 km, 65% no more than 2 km, and &8%ot move more than 4 km
(Figure 10). No bird moved was observed to movinéa than 6.5 km while at the YWC.
The greatest distance a bird could possibly haveeshamong wetland units 7.9 km. The
mean maximum distance that a bird moved from whevas captured was 1.63 km (95%
Cls =1.33-1.94).

Inter-cluster residency and movement rates wesedescribed by a model that
accounted for variation in residency rates by adeatic term (TT), estimated percent fat,
southerly wind speed, their interaction (epf*Swinttie proportion of accessible habitat, prey

biomass, and their interaction (access*prey) (ANgight = 0.46; Table 6). The interaction

between epf and Swind was significant and negé&{f/e= -0.0087, 95% CI = -0.0172 to

-0.0004; Table 7). The interaction between pray artess was not significanf (= -0.536,
95% Cls =-1.079 — 0.006). Variation in movemermtabilities was negatively related to
the distance between clusters and the densityrds$ Im any given cluster (Table 7).
Encounter probabilities in this model were bestdbsd by group (i.e., resight or
telemetry), cluster and size of cluster (Table Becapture probabilities were 0.08 (resight)
and 0.65 (telemetry) in cluster 1, 0.09 and 0.68uster 2, and 0.11 and 0.72 in cluster 3.

Based omMAICc (< 2.0), there was one alternative model. The sebastimodel was
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similar to the top model, except that it includelthaar trend (T) in the residency probability
(AICc weight = 0.33; Table 6).

Residency patterns of shorebirds were not sigmiflgaifferent, although rates in
cluster 3 decreased noticeably after sampling eameds6 (Figure 11). Seasonal mean
length of stay for cluster 1 was 7.72 d (95% CE& 27 - 10.17), for cluster 2 it was 6.13 d
(95% Cls = 3.68 - 8.58), and for cluster 3 it wa&73d (95% Cls = 1.42 - 6.32). The

probability of moving away from the cluster birdens captured was negatively and

significantly related to the number of birds instiers (8 = -1.9002, 95% Cl = -2.6573 - -

1.1431) and the distance among clustg®s<(-1.5955, 95% CI| = -2.3871 - -0.8038). Rates

of movement away from clusters 1 to 3 and 2 to Bvpesitive and significant (Figure 12,
Table 7). Movement away from cluster 1 to 3 desedaaround 20 May, when a wetland
unit (13 ha) became accessible. In contrast, thdked movement out of cluster 2 to 3 was
associated with the gradual desiccation of largetigns of cluster 2. Patterns of the
probability of surviving and not moving per clusterg., ®') reflected the aforementioned

movement rates (Figure 13).

Discussion

Refuge- and cluster-level analyses of residen®@sraighlighted the significant and
negative interaction between epf and Swind. Thesumt that the possibility of differential
departure rates as a function of body condition masmized. Put in another way, strong
southerly winds effectively created an even playialgl of residency for either 2006 or
2007, regardless of body condition. This inte@tiprovided a plausible explanation to
account for departures of Semipalmated Sandpipens & stopover with greatly varying fat
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loads (Skagen and Knopf 1994b). My findings wereancert with studies that have noted
that birds will preferentially depart from a stoposite during tailwinds, thus minimizing the
energetic cost of migration (Butler et al. 1997 eB&on and Hedenstrém 2000). Findings
were also in concert with predictions of the timayvmization hypothesis that purport that
the motivation to stay or leave a stopover siteléss to do with body condition and more to
do with the biological clock within the bird to idathe breeding grounds at the
“appropriate” time (Akesson and Hedenstrom 2000).

Some remarks about the “main effects”, epf and 8yane warranted. The positive
relationship between epf and residency rates wastedntuitive because time minimization
theory suggests that birds should depart from poster as soon as the “optimal” fuel load is
attained (Alerstam and Lindstrém 1990). It follotliat birds with higher epf at capture
could depart sooner than those with lower valuéswever, due caution should be exercised
when evaluating single factor hypotheses suchia®tte. First, the relationship between epf
and residency rates might interact with extrandaasrs such as wind speed and direction
as my findings and those of others have suggesesgbove). Second, a stopover might
contain cohorts of birds with different migratiomagegies. Warnock and Bishop (1998)
found interior migrating Western Sandpipers hadrath of stay that was three times shorter
and traveled significantly leaner than neighboiogstal cohorts of the same species. Third,
epf does not provide information on the fat depositate of the bird. Itis possible that a
bird with a low epf at capture may have a highéd&position rate than birds with a higher
epf and achieve departure fuel loads more quichtydepart sooner (Weber and Houston

1997). Itis for this reason that researchergésted in establishing tighter relationships
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between body condition and habitat quality are expg other tools such as plasma
metabolites (e.g., Guglielmo et al. 2005, Lyons &atlazo in press).

My analyses were predicated on the assumptionatimat patterns at YWC were
correlated with those recorded at the nearest samfravind data 80 km south of YWC.
Under this assumption, the negative relationshtpvéen Swind and residency rates recorded
in 2006 was consistent with “wind-assisted” depasurom stopover areas (Weber et al.
1998; Akesson and Hedenstrom 2000). The posiéikaionship in 2007 relationship was
not. The positive relationship probably arose biseasouthern winds slightly but
consistently increased during the season. Thisl wattern was matched by increasing
seasonal residency rates, which decreased as depsoed off. Wind patterns in 2007 were
noteworthy because the opportunities for “wind-stesl” departures were substantially fewer
than in 2006. Weber et al. (1998) and AkessonHedknstrom (2000) showed that
departure rates were also influenced by the prdibabf encountering southern winds. The
frequency of southerly winds in 2007 was 45% aspamed to 65% in 2006. Frequency was
not addressed by the Swind covariate; it only oééld average wind speed. The implications
of these inter-annual differences are that someantg with “optimal” fuel loads might
depart the area at higher energetic costs bechesedre fewer wind-assisted opportunities
(Weber et al. 1998, Akesson and Hedenstrém 200Bjs possibility was documented on 20
May 2007 when there were high departure rates @mddt recorded southerly wind speeds.

Model selection at the inter-cluster level undersd that residency rates can and
should be influenced by prey biomass and amouatoéssible habitat (and their
interaction). Shorebird distribution is stronghfluenced by the availability of food,
especially during migration (Evans 1976, Kersted Rrersma 1987, Colwell and Landrum
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1993, Placyk and Harrington 2004), and this processediated by the amount of accessible
habitat. Small shorebirds, such as Semipalmatad#eers, require water depths between
0-4cm (Baker 1979, Weber and Haig 1996, Davis andl51998, Collazo et al. 2002).
Although the influence of prey biomass and accéssiabitat on residency rates was not
statistically significant, their potential import@nis better appreciated when movement rates
were assessed. The point was further underscadned survival and movement were
decoupled and expressed as phi)(

Shorebirds moved primarily from clusters 1 or Zhaster 3. Movement from cluster
3 to either cluster was negligible (average ra@e03, 95% Cls = 0.027 — 0.034). |
documented at least three examples of variati@nweironmental conditions related to prey
and access that contributed to these patternst, ®iater-column prey biomass in cluster 3
was significantly greater than in clusters 1 and#ferential levels of prey biomass among
clusters resulted from prey concentration as water drawn down. This differential could
have contributed to observed movements and resydeatterns because shorebirds are
attracted to areas of higher food availability amel less likely to seek out alternative habitat
patches once there (Hicklin and Smith 1984, Colaertl Landrum 1993, Farmer and Parent
1997, Placyk and Harrington 2004, Taft and Haig62)0Second, a significant decrease in
movement away from cluster 1 was related to aress® of accessible habitat induced by the
implementation of a fast drawdown in the Coopedfi@hit. The quick response of
shorebirds to variations in accessible habitat wasncert with previous work on managed
wetlands (e.g., Rundle and Fredrickson 1981, Col&zl. 2002). Third, movements from
cluster 2 were associated with persistent desmeat its wetland units. While this pattern
increased accessible habitat, the hard-pan andextanudflats were unsuitable for shorebird
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foraging despite the numerous gastropods encaghthwhe dried mud in Southwest Goose
Pasture. In contrast to clusters 1 and 2, | sugbasthe low probability of movement away
from cluster 3 was due to the higher number ofsuwithin the 285 ha cluster. While prey
and access varied among units within the clustergteater number of units likely
dampened marked quality fluctuations.

Inter-cluster distance and bird density influenosmvement among clusters
significantly. As indicated above, site qualitydlusters 1 and 2 changed seasonally and
shorebirds moved to the closest unit, cluster Bsistent with the negative and significant
influence of distance featured in top models. €hdasters were 2.6-2.8 km apart. Farmer
and Parent (1997) suggested that functional coivitydbegan to weaken around 1.1 km,
whereas Taft and Haig (2006b) suggested that itroed at distances > 2 km. Although my
findings suggested that structural connectivity welsieved at slightly longer distances, by
and large, they were consistent with the aforemeetl studies. In sharp contrast, when the
distance was nearly twice as long (4.1 km) movenetets was negligible. Rates between
cluster 1 and 2 averaged 0.045 (95% Cls = 0.03D58) and between cluster 2 and 1 they
averaged 0.052 (95% Cls = 0.038 — 0.067). Thdss reere lower than those reported by
Farmer and Parent (1997) for functionally isolatextlands in the mid-continent (~0.08).
The fact that movement rates between cluster 2lamere low, particularly when accessible
habitat was made temporarily available in clustérel, Cooperfield), provided compelling
evidence that both clusters were effectively ismldtom each other.

The negative influence of bird density over movetwates provided evidence of the
importance of behavioral mechanisms in the contiextendent role of functional
connectivity for Semipalmated Sandpipers (Beli€0%). The mechanism by which this
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influence might be exerted is related to the flagkbehavior of Semipalmated Sandpipers.
The phenomenon of flock formation is generally exptd by two hypotheses. One purports
that flocking increases foraging efficiency througk communal discovery of new food
patches; and the second, that flocking enhancekmfmeavoidance through shared vigilance
and/or dilution effects (Barbosa 1995, Lima 199k)s believed that the feeding
vocalizations of these flocks attract more birdd aanvey an “all is well” signal that reduces
individual vigilance and allow for more attentiamfeeding (Kushlan 1976, Battley et al.
2003). Shorebirds might balance the benefits efgnintake with the costs of predation by
choosing habitats that will provide afford greatafety (Cresswell 1994, Barbosa 1995,
Ydenberg et al. 2002, Pomeroy 2006). This bemgefitore likely accrued in sites with
greater shorebird numbers.

My findings advocate, as have others before (SkagenKnopf 1994, Farmer and
Parent 1997, Niemuth et al. 2006, Taft and Haiggb)0Ofor shorebird conservation strategies
that identify functionally connected wetlands. $aéandscapes allow shorebirds to spend
less energy searching for higher quality patchdead (Farmer and Parent 1997). Striving
for functionally connected wetlands also advoc&tesoordinated management. Movement
and residence options at YWC were likely enhan@hbse clusters of wetlands across the
landscape were managed alike. Not only do multyg#dand complexes allow for more
habitat heterogeneity, but they also can increasseging success when organisms, such as
migrating shorebirds, forage over multiple patc{@sodwin 2003). Multiple options of
suitable habitat in a stopover such as YWC alsoreung the probability that birds will
remain at the site for as long as necessary, momigpirisks associated with searches of
alternative wetlands (Clark and Butler 2001, Hdste2004). Finally, integrated
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management may also provide greater flexibilityefmges that have competing priorities.
For example, a substantial number of wetland unitht have to be managed for other
objectives (e.g., controlling or promoting SAVn such circumstances, connectedness with
neighboring clusters of wetlands or refuges couildinmze unnecessary departures from the
shorebird conservation area of interest.

This study quantified how the spatial configuratafrwetlands, bird density, and site
guality influenced residency and movement rateéSaeshipalmated Sandpipers at a stopover
of regional importance. In the process, it essdidd that clusters of wetlands at YWC were
functionally connected at a distance of ~2.5 knmgseGoodwin 2003, Belisle 2005). Few
studies have explicitly examined the scale at wiitlall, coastal shorebirds perceive
wetland connectivity (e.g., Butler et al. 2002, tTaid Haig 2006). My study contributed to
this growing body of knowledge by measuring funeéib(behavioral) responses of
shorebirds to structural elements of the lands¢&o@dwin 2003, Belisle 2005). Functional
connectivity in my study area broke down at 4.1 Kéecause my work was not spatially
replicated, | could not discern where, betweena2® 4.1 km, connectivity breaks down.
Spatial replication and more frequent invertebsatepling £ weekly) are elements of study
design for future studies that could help strengtbw understanding of the functional

connectivity among managed wetlands.
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Table 1. List of managed wetland units at the Tawkey Wildlife Center, South Carolina
in 2006 and 2007. The size (ha) of managed wetlaitd, the cluster where it belonged, and
an identification number are listed. The idenéfion number corresponds to each unit’s
number in Figure 1.

Unit Size
Managed Wetland Unit  Map (ha) Cluster
Number

Cooperfield 1 13 1
Blackout Pond 2 34 1
Penfold Pond 3 22 1
Southeast Goose Pasture 4 28 2
Southwest Goose Pasture 5 55 2
Northern Reserve 6 23 3
Lady's Pond 7 12 3
Upper Lower Reserve 8 27 3
Middle Lower Reserve 9 69 3
Lower Lower Reserve 10 18 3
Twin Sisters Pond 11 65 3
Santee Pond 12 45 3
Upper Pine Ridge Pond 13 28 3
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Figure 1. Map of the Tom Yawkey Wildlife Centegugh Carolina showing the location of
managed wetland units to estimate residency anc&ement rates of Semipalmated
Sandpipers during Spring migration of 2006 and 200lusters of managed wetland units

are indicated by different colors, with inter-clastistances displayed. Managed wetlands
were numbered to correspond to Table 1.
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Figure 2. Bathymetry map of the Southeast GooswRawetland unit at the Tom Yawkey Wildlife Cantgouth Carolina. The
image on the left depicts the transects walked ®#$Sed depth reading locations (red) and the regudathymetric profile of the
flooded areas and the extent of vegetation asig#izéd 2006 aerial photographs. The image insethe right is the 1999
satellite orthophoto. Visual inspection of imagbesw the increase in vegetation cover between 2882006.
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Figure 3. Total number of Semipalmated Sandpipeusited at 39 survey points (3 in each
of 13 managed wetland units) at the Tom Yawkey WédCenter, South Carolina during
Spring migration 2007. Surveys were conducted pril80", May 6", May 13", May 20",
May 27", and June'3 A total of 9.42 ha were surveyed in clustersid 2 each period, and
a total of 37.70 ha were surveyed in cluster 3 geciod.
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Figure 4. Average weekly estimate of Semipalm&addpipers per hectare (ha) in each
cluster of managed wetland units at the Tom Yawkiglife Refuge, South Carolina during
spring migration in 2007. Surveys were conductedpril 30", May 6", May 13", May

20" May 27", and June'® A total of 9.42 ha were surveyed in clustersd 2 each period,
and a total of 37.70 ha were surveyed in clusteach period.
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Figure 5. Residency rates (i.e., daily survivalability, S) of Semipalmated Sandpipers
and average daily southerly wind speeds at the Yawkey Wildlife Center, South
Carolina, Spring 2007. May 2(first oval) illustrates an event of low resider(bygh
departure) and low wind speed after a period ofetesing wind speed. Meanwhile May™24
and 23" (second oval) illustrates an event of low resigermresponding to days of higher
wind speed.
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Figure 6. Total amount of accessible habitat {hahree clusters of managed wetland units
at the Tom Yawkey Wildlife Center, South Carolinaidg Spring migration of
Semipalmated Sandpipers in 2007. Cluster 3 hadriegtest number of managed wetland
units (n=8) and area (286 ha). Clusters 1 (4&hd)2 (83 ha) had two managed wetland
units each. A fast draw down was implemented oMay 2007. The marked decrease in
accessible habitat on June 2 and 3 in 2007 wa®ddwsa rainfall event of ~6.35 cm.
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Table 2. Model selection for residency rates ahipalmated Sandpipers at the Tom
Yawkey Wildlife Center, South Carolina, Spring 200dodel parameters includeAICc
values (mediart = 1.02 QAICc weights, QDeviance and number of modebpaeters.
Residency (S) and resighting probabilitips were modeled as either constant (.) or variable
with respect to time using reduced parameter modEime-varying models were also
modeled with a linear (T) or quadratic (TT) teriflhree covariates were used to model
residency rates: estimated percent fat (epf) anthsdy wind speed (Swind). Covariates
and interaction (*) between epf and Swind covasiatere modeled as additive effects (+).

Delta QAICc

Model QAICc Weight #Par QDeviance

{S(TT+epf+Swind+epf*Swind) p(.) } 0 0.46963 7 10882

{S(TT+epf+Swind p(.) } 1.74 0.1971 6 1083.445
{S(epf+Swind+epf*Swind) p(.) } 2.17 0.15831 5 10882

{S(TT+epf) p(.) } 4.77 0.04325 5 1088.517
{S() p(.) } 4.96 0.03943 21 1055.262
{S(epf) p(.) } 5.88 0.0248 3 1093.688
{S(TT) p(.) } 6.48 0.01835 4 1092.265
{S(epf) p(T) } 6.64 0.01702 4 1092.415
{s()p()} 7.36 0.01185 2 1097.184
{S(TT+epf+epf*TT) p(.) } 8.05 0.00838 7 1087.714
{S(T) p(.) } 8.99 0.00525 3 1096.793
{S() p(T) } 9.19 0.00474 3 1096.999
{S(T) p(T) } 11.01 0.00191 4 1096.789
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Table 3. Beta parameter estimates for the top hadfdesidency é) and detection
probability (p) of Semipalmated Sandpipers at the Yawkey Wildlinter, South Carolina,
Spring 2006. Covariates were modeled as addiffeets on time-varying, reduced
parameter models. Additive effects included ttieraction between estimated percent fat
(epf) and southerly wind speed (Swind).

95% Confidence Interval
Model Term Estimate Standard Error Lower Upper

Daily Survival( é)

Intercept 1.51417 1.28704 -1.00843 4.03678
T (linear) 0.07034 0.12018 -0.16521 0.30589
TT (curvilinear) -0.00680 0.00593 0833 0.00483
Epf 0.13192 0.05085 0.03225 23059
Swind -0.07357 0.16623 -0.39938 0.25223
Epf*Swind -0.01774 0.00781 -0.03305 -0.00243
Detection(p)

Constant -2.41388 0.14481 -2.69771 -2.13005
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Figure 7. Residency rates (i.e., daily survivalgability, é) and mean length of stay (MLS)
of Semipalmated Sandpipers at the Tom Yawkey Wadlienter, South Carolina, Spring
2006. The 95% confidence intervals for resideratgs are depicted.
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Figure 8. Predicted pattern of residency rates, (@aily survival probabilityS) of
Semipalmated Sandpipers at the Tom Yawkey Wildliémter, South Carolina resulting
from the interaction between Swind and epf duripgr®) migration 2006. The high epf
value used was the average of epf values greaerztro (14.47). The low epf value was
the average of epf values less than zero (-9.84)the southerly wind increases, the
difference in residency rates between high anddpfwalues is minimized.
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Table 4. Model selection for residency rates ahipalmated Sandpipers at the Tom
Yawkey Wildlife Center, South Carolina, Spring 200Model parameters includeAICc
values (mediart = 1.187 QAICc weights, Qdeviance and number of modehpaaters.
Residency (S) was modeled as either constant yanable with respect to time using
reduced parameter models. Two covariates weretoseddel residency rates: estimated
percent fat (epf) and southerly wind speed (Swirie)counter probabilities (p) were
modeled as constant (.), time variable (t) or yugr(i.e., resight, telemetry). Time-varying
models were also modeled with a linear (T) or qaad(TT) term. Covariates and the
interaction between epf and Swind (*) were modele@dditive effects (+). Only models
with aAQAICc < 10 are listed.

Delta QAICc

Model QAICc Weight #Par QDeviance

{S(T+epf+Swind+Swind*epf) ) } 0 0.61521 7 1694.638
{S(T+epf+Swind) pg) } 1.56 0.28204 6 1698.229
{S(T+Swind) pg) } 4.99 0.05085 5 1703.682
{S(T+epf+T*epf) p@) } 7.1 0.01771 6 1703.765
{S(t) p(@) } 7.3 0.01599 25 1664.588
{S(T) p(0) } 7.94 0.01159 4 1708.662
{S(TT) p(9) } 9.76 0.00467 5 1708.456
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Table 5. Beta parameter estimates for the topeesy model é) and detection probability
(p) of Semipalmated Sandpipers at the Yawkey Wildlienter, South Carolina, Spring

2007. Covariates were modeled as additive effattsme-varying, reduced parameter
models. Additive effects included the interactimiween estimated percent fat (epf) and

southerly wind speed (Swind).

95% Confidence Interval
Model Term Estimate Standard Error Lower Upper

Daily Survival( é)

Intercept 1.15312 0.32288 0.52026 1.78597
T (linear) -0.12469 0.03219 -0.18779 -0.06159
Epf 0.05458 0.02014 0.01510 09a06
Swind 0.29552 0.09726 0.10489 0.48617
Epf*Swind -0.00887 0.00448 -0.01765 -0.00009
Detection(p)

Intercept (resight) 0.85733 0.14863 .56602 1.14864
Telemetry -2.91720 0.19429 -3.29801 -2.53639
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Figure 9. Residency rates (i.e., daily survivalability, é) and mean length of stay (MLS)
of Semipalmated Sandpipers at the Tom Yawkey Wadlienter, South Carolina, Spring
2007. The 95% confidence intervals for resideratgs are depicted.
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Figure 10. Farthest distance traveled by varioopgrtions of Semipalmated Sandpipers

from their original banding site at the Tom YawRk&jldlife Center, South Carolina, Spring
2007. The average maximum distance traveled bkedaBemipalmated Sandpipers from
their banding site was 1634 m.
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Table 6. Model selection for residency (S) and ement rates (Psi/) of Semipalmated Sandpipers among wetland cluateirse

Tom Yawkey Wildlife Center, South Carolina, Spri2@07. Model parameters includalCc values, AlCc weights, number of
model parameters, and deviance. Seven covarigesuged to model residency and movement rateésiagst percent fat (epf),
southerly wind speed (Swind), prey biomass (priegex of bird density (bird), proportion of accdssihabitat per cluster (access),
total area in the cluster of interest (area), asat@st-neighbor inter-cluster distance (distandhese covariates were modeled as
additive effects on either constant or time-varyiegidency and movement rates models using recheredneter models. Time-
varying models were also modeled with an additivedr (T) or quadratic (TT) term. Encounter pralités (p) were modeled as
constant (.), time varyingd)(or by group (i.e., resight or telemetry). Coates and interactions (*) between epf and Swind,paay
and access were modeled as additive effects (f)y i@odels with @AAICc < 10 are listed.

Delta  AlCc

Model AlCc  Weight #Par Deviance
{S (TT+epf+prey+access+Swind+epf*Swind+prey*accepd)g+Area), Psi (cluster+TT+bird+distance)} 0 684 19 2351.343
{S (T+epf+prey+access+Swind+epf*Swind+prey*accepgg+Area), Psi (cluster+T+bird+distance)} 0.67 3207 17 2356.177
{S (TT+epf+prey+access+Swind+epf*Swind+prey*accdsed), p (g+Area), Psi (cluster+TT+bird+distance)} 2.05 0.16345 20 2351.305
{S (TT+epf+Swind+epf*Swind), p (g+Area), Psi (clast TT+bird+distance)} 5.3 0.03224 16 2362.888
{S (TT+prey+access+prey*access), p (g+Area), PSi-pird+distance)} 6.71 0.0159 16 2364.302
{S (TT+epf+Swind+Swind*epf), p (g+Area), Psi (TTHass+prey+prey*access+bird+distance} 9.08 0.00487 9 1 2360.421

47



Table 7. Beta parameter estimates for the inigstet top model of residenc|, detection
(p), and movement probabilitieg/() of Semipalmated Sandpipers at the Yawkey Wildlife
Center, South Carolina, Spring 2007. Covariate®wedeled as additive effects on time-
varying, reduced parameter models. Additive eff@ntluded the interaction (*) between
estimated percent fat (epf) and southerly wind d&svind), and prey biomass (prey) and
relative proportion of accessible habitat (depth @n; access) among three wetland clusters.

95% Confidence Interval

Model Term Estimate  Standard Error Lower Upper
Daily Survival(S)

Intercept 0.20625 0.78967 -1.34149 1.75400
T (linear) -0.03446 0.10456 -0.23933 0.17041
TT (curvilinear) -0.00393 0.00410 -0.01197 0.00411
Epf 0.05677 0.01984 0.01781 0.09559
Prey 0.14885 0.10920 -0.06517 0.36289
Access 5.26068 2.98809 -0.59598 11.11734
Swind 0.23211 0.09505 0.04579 0.41842
Epf*Swind -0.00879 0.00430 -0.01723 -0.00036
Prey*Access -0.53660 0.27717 -1.07986 0.00665
Detection(p)

Intercept (telemetry) 0.59422 0.23934 0.12510 13@63
Resight -2.98729 0.18470 -3.33493 -2.62528
Area 0.00134 0.00100 -0.00062 0.00331
Daily Movement(¢/)

Intercept (Cluster 1) 3.40819 1.37905 0.70525 6lB11
Cluster 2 2.50846 0.34922 1.82399 3.19293
Cluster 3 -0.59462 0.33237 -1.24607 0.05682
T (linear) -0.30213 0.11697 -0.53141 -0.07285
TT (curvilinear) 0.01066 0.00533 0.00021 0.02111
Birds -1.90017 0.38627 -2.65728 -1.14309
Distance -1.59546 0.40391 -2.38712 -0.80380
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Figure 11. Residency rates (i.e., daily survivalability, S) and 95% confidence intervals
of Semipalmated Sandpipers at each of three chiateahe Tom Yawkey Wildlife Center,
South Carolina during Spring 2007. The first sdntpbccasion was May"™8and the last on
June 11. The blue line depicts daily residency ratesbieds banded in cluster 1, the green
line for birds banded in cluster 2, and the red Liiepicts for birds banded in cluster 3.
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Figure 12. Daily movement rates (PHi) and 95% confidence intervals of Semipalmated
Sandpipers among three wetland clusters at the Yawkey Wildlife Center, South
Carolina during Spring 2007. The first samplingasion was May'8and the last on June
11™. The blue line depicts the movement probabilister 2 to cluster 3; the red line
depicts the movement probability from cluster tliester 3; all other movement rates were
negligible.
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Figure 13. Seasonal patterns of the probabilityurf/iving and staying at a cluster 1

(Phi11,®), cluster 2 (Phi22p?), and cluster 3 (Phi3®*) by Semipalmated Sandpipers
at the Yawkey Wildlife Center, South Carolina dgriBpring 2007. The first sampling
occasion was May"™8and the last was on June™ 1
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Appendix |. List of invertebrate taxa detected (presentfat)se each of three wetland
clusters at The Tom Yawkey Wildlife Center, Soutir@ina, Spring 2006 and 2007.
Summary includes average prey biomass (mt)/tmsampled substrate (mud or water
column) and combined (all taxa, all substratesyerAge prey biomass by substrate or
combined and cluster were compared using ANOVAati§tcal differences (p < 0.05)
between any pair of cluster are indicated by aeres$ét Presence in the sample is denoted by
1; absence by 0.

2006 Invertebrate Sampling Summary

Presence/Absence Mud Density Water Density Cordbihed and Water Density

Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2Cluster 3 Cluster 1 Cluster 2 Cluster 3 Cluster 1 luster 2 Cluster 3

Polychaeta 1 1 1 0.000369 0.011688 0.026877 0.000000.000935 0.000187 0.000377 0.012623 0.027064
Chironomidae 1 1 1 0.004196  0.000232 0.003034 @D®O 0.000169  0.000072  0.004475*  0.000401  0.003106
Oligachaeta 0 1 0 0 0 0 0  0.000001 0 0  0.000001 0
Diptera 0 1 1 0  0.000548  0.000168 0 0 0 0  0.000548.000168
Amphipoda 0 0 1 0 0  0.002160 0 0  0.002603 0 0 (@684
Odonata 0 1 0 0 0 0.000000 0 0.000021 0 0 0.000021 0
Gastropod 1 1 1 0 0 0.010317 0.000016 0.000105 081D 0.000016 0.000105 0.010631
Corixidae 1 0 1 0 0 0.000238 0.000396 0 0.003236 00aB96 0 0.003473
Coleoptera 0 0 0 0 0 0.000000 0 0 0 0 0 0
Trichoptera 1 0 0 0 0  0.000000  0.000252 0 0  0.02025 0 0
2007 Invertebrate Sampling Summary
Presence/Absence Mud Density Water Density Cordbihed and Water Density

Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2Cluster 3 Cluster 1 Cluster 2 Cluster 3 Cluster 1 luster 2 Cluster 3

Polychaeta 1 1 1 0.013417 0.005533  0.069184  0.(00900.000131  0.002191  0.014322 0.005664 0.071375
Chironomidae 1 1 1 0.006980  0.000026 0.018429 0891 0.000035  0.005419 0.008034 0.000061 0.023847
Oligachaeta 1 0 1  0.001403 0 0.001286  0.000040 0000017 0.001443 o* 0.001303
Diptera 1 0 1 0.000022 0 0.000209 0.000053 0.000000.000058 0.000075 0  0.000268
Amphipoda 1 0 1 0.000173 0 0.143879 0 0.008930 (208 0.000173 0.008930 0.144792
Odonata 1 0 1 0.000154 0 0  0.000009 0  0.000923 006D 0  0.000923
Gastropod 1 1 1 0.000988 0.010897 0.071095 0.002700.001735  0.071870 0.003688 0.012632  0.142964
Corixidae 1 1 1  0.002076 0 0  0.002642 0.000038 4100 0.004717  0.000038*  0.004110
Coleoptera 1 0 0 0.000118 0 0 0 0 0  0.000118 0 0
Trichoptera 1 0 0  0.000367 0 0 0 0 0  0.000367 0 0
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Appendix I1. List ofa priori models used to assess daily resideré)/e(nd movementy)

rates among wetland clusters of Semipalmated Spadpat the Tom Yawkey Wildlife
Center, South Carolina, Spring 2007.

Naive, Area and Distance Model€Constant S and Psi, Constant p
SO O o

S(.) cluster . cluster

Scluster (.) 1 Cluster
Scluster cluster,,(.)
luster cluster , cluster
SCI t & l.|JI t
Scus er reawcus er
Sclusterpclusterwdistance

SArea cluster . distance

luster Area , distance
soserpfreay

Area and Distance ModelsConstant S and Psi, p by graug, Resight and Telemetry)
Sclusterp(g) llJcIuster

Scluster(p()g) llJldisttance
rea cluster
SArea p(g) lpd'stance

i
seapldy

Scluster (g) ,Area
luster (g+area),,cluster
SIS

Scluster p(g+area)wdistance
luster . (g+area),|,Area
ST Iy

Time-varying Models (epf, prey, Swind, access, fidistance)
STT+accesi)g+Area cluster+distance

STT+birds g+Area | cluster+distance
STT+prey g+Area | cluster+distance
STT+Swind pg+Area chluster+distance
STT+prey+access+prey*acceﬁg+Area cluster+distance

STT+epf+SWind+epf*SWind g+Area chIuster+distance

Y
ST+cIuster g, T+cluster

TT+cluster, g, TT+cluster
S Py

TT+accesg g+Area | cluster+TT+access
STT i) Al llJ luster+TT+bird
+access g+Area | cluster+TT+birds
STT Sp Al lJJI ter+TT
+access,g+Area | cluster+TT+prey
SN
STT+b|rds g+Area  cluster+TT+access
TT+birds .g+Area | cluster+TT+birds
S pTr

TT+birds g+Area, cluster+TT+prey
S p P
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STT+prey pg+Area wcluster+TT+access
STT+prey g+Area LIJcluster+TT+birds
STT+prey pg+Area LIJcluster+TT+prey
STT+SWind g+Area | cluster+TT+access
STT+SWindpg+Area cluster+TT+birds
STT+SW|nd pg+Area LIJcluster+TT+prey

STT+epf+SWind+epf*SWindpg+Area wcluster+TT+access
STT+epf+Swind+epf*Swindpg+Area LIJcluster+TT+birds
STT+epf+Swind+epf*Swindpg+Area LIJcluster+TT+prey
STT+epf+SWind+epf*SWindpg+Area chIuster+TT+birds+distance
STT+epf+SWind+epf*SWindpg+Area wcluster+TT+prey+distance
STT+epf+Swind+epf*Swindpg+Area LIJCIuster+TT+prey+access+distance
STT+epf+Swind+epf*Swindpg+Area LIJTT+access+prey+prey*access+distance
STT+epf+SW|nd+epf*SW|nd g+Area qJTT+access+prey+prey*access+birds+distance

STT+prey+access+prey*acce§g+Area chluster+TT+birds+distance
STT+prey+access+prey*acceﬁg+Area chIuster+TT+prey+access+prey*access
STT+prey+access+prey*acceﬁg+Area chIuster+TT+prey+access+prey*access+birds

STT+prey+access+prey*acce§g+Area LIJCIuster+TT+prey+access+prey*access+distance

Sepf+SWind+epf*SWind+prey+access+prey*accij@+Area wcluster+birds+distance
ST+epf+Swind+epf*Swind+prey+access+prey*acc§t_;3+Area cluster+T+birds+distance
STT+epf+Swind+epf*Swind+prey+access+prey*aCijwArea wcluster+TT+birds
STT+epf+SWind+epf*SWind+prey+access+prey*acc Area | cluster+TT+birds+distance

STT+epf+SWind+epf*Swind+prey+access+prey*accessﬂ:)bg+Area wcluster+TT+birds+distance
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CHAPTER 2

I ntroduction

The US Shorebird Conservation Plan calls for angegufficient suitable habitat for
migrant shorebirds to enhance their ability to nmeggfratory and pre-breeding energetic
requirements (Brown et al. 2001). Sufficient habis defined as the number of accessible
hectares required to meet those needs given prelsland mean length of stay (Loesch et
al. 1995). Numerous studies have determined thatlshorebirds are selectively attracted
to sites with shallow water (0-4 cm) and exposediftats (Weber and Haig 1996, Davis and
Smith 1998, Collazo et al. 2002). One mechanisail@e to managers to create accessible
habitat is to implement water drawdowns. Upon akpgp newly available habitat,
shorebirds can rapidly respond by arriving in teevrihabitat in as little as 4 to 24 hours
(Rundle and Fredrickson 1981).

Few studies have experimentally manipulated mathagetlands utilizing various
drawdown regimes to assess the benefits accruedduch practices. Early work on this
subject was conducted by Rundle and Fredrickso81(19They reported that a gradual
drawdown was more effective than a rapid one e@thg shorebirds, as a rapid drawdown
quickly produced dried mudflats and hard-panss Worth noting that in their study a
drawdown was defined as a “total dewatering ofuhi¢” instead of a drawdown scheme to
maximize the extent of desired water levels (Callazal. 2002). Parsons (2002) studied
multiple drawdown patterns in streams in the Delaway estuary. Her results showed that
shorebirds were most abundant at impounded sitisslovest water depths, but her work

did not explicitly address the advantages of déferdrawdown rates. In 2005 the US Fish
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and Wildlife Service completed a project in thetheastern United States assessing the
numeric response of shorebirds to two hydrologigmes during the spring migration season
(M. Runge, Patuxent Wildl. Res. Ctr, pers. comnThe regimes were a slow, gradual
drawdown and a fast drawdown. The latter maximibedamount of accessible habitat at
the time of peak influx of migrants during the sasPreliminary results suggest that, in
most instances, shorebirds used newly availabEsapresumably accommodating new
arrivals (M. Runge, unpubl. data).

From the above referenced studies it is clearttieat can be a numeric response to
rapid drawdowns; however, there have been no ekpits designed to quantify if the
initial numeric response is followed by a behavidianctional response (sensu Goodwin
2003, Belisle 2005). Movement and residency derssbf shorebirds reflect the quality of
habitat, and thus, residency in- and movementapoidrdrawdown management units are
expressions of a functional response to manageawtions. Given that the primary purpose
of either management practice is to help shorelmrést their energetic requirements,
establishing the added value of a rapid drawdowmportant to strengthen the rationale
advocating its continued use. Conversely, somgyesf might not have the capability to
implement a rapid drawdown (e.g., culverts cappedree end) or opt not to implement one
because it might interfere with other non-shorebii@hagement priorities. It is, therefore,
also important to determine shorebird responsassess management tradeoffs, options and
their conservation value.

To address this question, | hypothesized thasbirduld quickly move to and remain
at newly exposed habitat created by a rapid dramdoviovement and residency
probabilities would reflect decisions made by sbors to take advantage of conditions that
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facilitate maximizing prey intake. This would meawmt only that new arrivals would remain
in wetland units managed under a fast drawdowmregbut that birds present in
neighboring wetland units managed differently woddistribute themselves to take
advantage of newly exposed resources. The bi@bgitderpinnings of my hypothesis were
twofold. First, site quality can be influencedthg extent of accessible habitat and the prey
base it makes available to shorebirds (Hicklin 8ndth 1984, Farmer and Wiens 1999,
Collazo et al. 2002, Ydenberg et al. 2002, Pom@@g36). Second, augmenting accessible
habitat via fast drawdowns would be more effectivast managed units occurred in close
proximity to slow-managed units. In doing so, aduonally connected patchwork of
resource options is increased. Such a landscaperie the importance of inter-managed unit
distance in favor of foraging decisions based @y glistribution at smaller scales (Hicklin
and Smith 1984, Farmer and Wiens 1999, Belisle 005

In 2006 and 2007, | conducted management expetimerl3 managed wetland units
to estimate residency and movement rates of Semgiatl Sandpiper€alidris pusillg
under slow and fast drawdown regimes. The experisn@ere conducted at the Tom
Yawkey Wildlife Center, South Carolina. Estimatesre obtained using multi-state models
(Kendall and Nichols 2004). Residency rates (Sevdefined as the probability that a bird,
banded at treatmepbn dayi, remains at YWC to day1. Movement rates (Psi) were
defined as the probability that a bird, bandeda@atmenf on dayi, moves to another
treatment on dai+1. Each year, the slow drawdown was begun poiting arrival of
Semipalmated Sandpipers to ensure the availabiliaccessible habitat throughout the
season. The fast drawdown was initiated MY ib7anticipation of the peak of migration
which typically occurs on May 30(Lyons and Haig 1995, Weber and Haig 1996).
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In concert with my hypothesis, | predicted thatverments to units under a fast
treatment would increase post-treatment and tisedeacy rates at such units would
significantly exceed residency rates recorded @hi®ring, slow-managed units for the
remainder of the season. These predictions wedigated on the fact that the proportion of
newly exposed habitat in slow-managed units becanoesasingly smaller as the season
progresses. In contrast, the proportion and guafinewly exposed habitat in fast-managed
units is expected to be greater as the full exaéiitbecomes accessible nearly all at once.
Moreover, the prey quality of previously exposedbita should be diminished by shorebird
predation and as it dries out (Rundle and FredoicKi981, Schneider and Harrington 1981,
Hicklin and Smith 1984).

I modeled shorebird residency and movement ratesfanction of prey biomass
(mg/cnT) and the relative proportion of accessible hafffta) over the migratory season to
ascertain linkages of responses with managemeonact! also modeled estimated percent
fat, southerly wind speed, an index of shorebindsity, and the average distance to the
nearest treatment (proximity). Epf and southeriyds were included because these factors
influence the number and duration of stops madeigyant shorebirds (Dunn et al. 1988,
Butler et al. 1997, Farmer and Wiens 1999, AkessuhHedenstrom 2000, Hostetler 2004,
Chapter 1). Moreover, epf provides a plausiblk between site quality, influenced by
management, and residency rates (Lyons and CdlaReess). Shorebird density was
included because feeding flocks may attract othskvisually or through their
vocalizations, resulting in increased foragingadincy through the communal discovery of
new food patches and enhanced predator avoidamebd&a 1995, Lima 1995, Battley et al.
2003). Finally, | modeled between-treatment distéalpecause it might constrain movement,
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and thus residency rates, if on average slow- asdrhanaged wetland units were beyond
the average movement range of birds. Althoughamelt in YWC were functionally
connected at distancesoR.5 km (Chapter 1) and average between-treatmstaindes
were shorter, | felt that it was important to moitglpossible role in the context of

management experiments.

Study Area

The Tom Yawkey Wildlife Center (YWC) is locatedtime Santee Delta-Cape
Romain area of Georgetown County, South Carollh& a site of regional importance in
the Western Hemisphere Shorebird Reserve Netwibtkarbors 5% of the flyway
population or 20,000 individuals during the migrgteeason, including the Semipalmated
Sandpiper (Marsh and Wilkinson 1991, Weber and H8@6). YWC is composed of
approximately 8,000 hectares of marsh, maritimedpupland pine forest, and ocean beach.
YWC'’s three main islands (North Island, South Islamd portions of Cat Island) are
separated from the mainland by the IntracoastaEYWety.

The study area was located on South Island (79°1833¥10’'N). Management
experiments were conducted in 13 brackish managidnds ranging in size from 12 to 69
ha. Each managed wetland unit has one primaryirasoime cases, multiple secondary
water control structures which allow managers tati@d the depth and drawdown rate of the
managed wetland unit. Managed wetland units wWieagacterized by gradually sloping
bottoms of soft mud, surrounded by a perimetehdité/hile the majority of each managed
wetland unit was open water, most have areas djewidgrassRuppia maritimg sea

purslane $esuvium maritimujnmuskgrassGharaspp.), saltmarsh bulrusB¢irpus
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robustus, black needle rusldgncus roemeriangissmooth cordgras$partina alterniflorg,
and giant cordgrasS$partina cynosuroidg¢gWeber and Haig 1996).

Managed wetland units were arranged in three $efgatially segregated clusters.
Every cluster contained at least a pair of managetthnd units under a slow and fast
drawdown hydrologic treatment. Treatment allogatim individual managed wetland units
depended on management objectives for vegetatioimatpthe draining capability of the
managed wetland unit, and study design considea(®.g., pair up treatments per cluster).
Treatment assignment per year and size (ha) of mackaged wetland unit is listed in Table
1, and Figures la and 1b show the locations ofitiits within YWC. Within each cluster,
units under study comprised the dominant or co-damti feature in terms of suitable habitat
for shorebirds. In clusters 1, 2, and 3, the pridpo of wetlands managed for shorebirds was
69%, 54%, and 45%, respectively. The remainindamds in the clusters were unsuitable
for shorebirds they were either flooded or compjetieawn down and hardened.

For both years, a slow drawdown was implementedhbety in early spring (late
March-early April) prior to the arrival of Semipatted Sandpipers. The intended effect was
to gradually make suitable habitat available torshwds beginning no later than mid-April;
the onset of the migration season for Semipalm&stedipipers in the YWC. In a fast
drawdown, water levels were dropped in a matt&-8fdays. The fast drawdown was
implemented just prior to May 30or peak migration at the YWC (Marsh and Wilkinson

1991, Lyons and Haig 1995, Weber and Haig 1996).
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Methods

Bathymetric Profiles

Bathymetry maps were constructed for each wetlaniidiu 2006 because changes in
vegetation cover had occurred since 1999 (datkeofrtost recent available aerial imagery)
and no prior bathymetric profiles of the wetlandtsihad been created. Bathymetry data
were used to estimate accessible habitat (0-4 ciarwlapth) for shorebirds as a function of
gauge readings every week in 2006, and daily irv260ring the migratory season. |
initiated the process by recording depth and a @&R8ing every 9-10 m along 2-4 transects
that bisected each management unit (see Chapiggure 2). Transects were positioned to
account for as much heterogeneity in each unibasiple. Each unit was subsequently
photographed from the air (~700 m) using an unmameeial vehicle (UAV). The UAV
was operated by a team from the University of El@iCooperative Research Unit. Aerial
photographs were then digitized and geo-referetaeital ortho quater quads (DOQQSs)
of Yawkey Wildlife Center from 1999. Bathymetrytdavere then combined with the geo-
referenced photos to produce maps depicting adtedsbitat as a function of gauge

readings.

Invertebrate Sampling

| sampled invertebrates three times in 2006 and 20@btain estimates of prey
biomass in each experimental managed wetland Im2006, the initial sampling was
conducted on 28-30 April, and then on 16-17 Mayofpio peak of migration) and 1-4 June.
Adjustments were made in 2007 to better matchrifpeamentation of the fast drawdown

and shorebird migration. The initial sampling veasiducted on 17-18 May. Subsequent
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sampling events were a week apart (24-25 May; 3% Ma June). Invertebrates were
collected from 13 primary sampling plots, one icleaf the experimental wetland units.
Plots were aligned with the bottom contour of thenaged wetland unit to insure that
“newly available habitat” would be sampled throughthe season. Each primary plot was
50 m x 5 m, subdivided into five secondary plotsclwere 10 m x 5 m. Within each
secondary plot there were 50 subplots of“d Within each primary plot, two 1 hsubplot
sampling units were selected randomly during eaohmpding period and sampling was done
“without replacement” because the subplots weereadt during sampling (e.g., core
sampling). A five gallon bucket (radius = 13 crejdght = 36 cm) with the bottom cut out
was used to isolate the water column, preventiegtape of any aquatic invertebrates.
The bucket was pushed through the water and igtdofitom substrate in a random location
within the randomly chosen subplot. | pumped tlagewinto gallon zip lock bags for
transport back to the field house. Once the watex extracted from within the bucket, |
used a hand bulb planter (radius = 3.75 cm, heidlQd cm) to extract two mud core samples
from within the area contained by the bucket. Ezmte sample of mud was 5 cm deep. The
benthic core samples were placed in zip lock baggdnsport to the field house. At the
field house, 20 cm diameter sieves down to 425ang(W.S. Tyler Company, Mentor, OH)
were used to separate the invertebrates from therwamud substrate. The water and
benthic invertebrates were kept separate and placéddls according the sample location
and period, and preserved in a 10% formalin satutio

After the field season, the invertebrates weretified to either Class (Gastropoda,
Polychaeta, Oligochaeta), Order (Amphipoda, Cole@ptDiptera, Odonata, Trichoptera) or
Family (Chironomidae, Corixidae) using a 20x dissecmicroscope at North Carolina State
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University. Invertebrates were placed individuallyin groupings of five on Millipore glass
fiber prefilters, and then placed in a Precisioav@ty Convection Oven for four hours at 70°
C in order to remove any water. Dried invertelsatere weighed using a Thermo
Electronic Microbalance to the nearest 0.1 mg.e®weights for the invertebrates were
expressed as a density in milligrams per cubiciceters of either water or mud for each

sample.

Mark-Encounter Histories

In 2006, 500 birds were captured with mist-nets iadd/idually color-marked during
10 banding sessions (1-3 days each) from 10 M&8/M&y. In 2007, 502 birds were
captured and marked over 16 banding sessions ctattecery other day from 7 — 18 May
and every day from 18 — 28 May. Captured birdsevkept in a ventilated cardboard box up
to 2 hours or until all birds were processed. Bikre weighed to the nearest 0.5 g using a
Pesola spring scale and measurements of theerikadtwing chord (carpal joint to the wing
tip to the nearest 1.0 mm) and bill length (bil to feather margin on forehead to nearest
0.5mm) were also recorded. Colored bands wereeglan the tibiotarsus. Birds were also
outfitted with a metal USFWS band on their lowdt leg (tarsometatarsus). This work was
conducted under IACUC (Institutional Animal Careddgise Committee) permit number: 06-
039-0.

In 2006, data consisted of only encounters of enlarked shorebirds. Encounter
history data were generated by recording uniquera@mbinations of 4 Darvic UV resistant
UPVC colored leg bands assigned to each capturdddon right leg, 2 on left leg). In
2007, | supplemented color-marking with radio tedtiy to increase the probability of
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detection, and thus, increase the likelihood ddtneg factors of interest in this study to
shorebird responses. Low vegetation obstructetddegls in some cases and some birds
might have been missed if they occurred in therimteections of the larger wetland units.
Accordingly, 72 of the 502 Semipalmated Sandpipaggured in 2007 were also
instrumented with transmitters. The 0.56 g racam$mitters (Model BD-2N Holohil

Systems Ltd., Woodlawn, Ontario, Canada) were gtadte lower backs of each bird
following methods described in Warnock and Warn@@®93). The radio transmitter was
glued with waterproof epoxy (Liquid Bonding Cemehorbot Group, Inc., Cranston, Rhode
Island) to clipped feathers on the lower back atsooim anterior to the uropygial gland.

The transmitters were less than the suggested 3binél's body mass, and the retention
time was expected be less than 7 weeks (Bishop 20@4). Transmitters were allocated
among the three clusters of wetland units on d&imnga& day schedule banding every day
from 18 May to 28 May and split near evenly betwskenv (37 birds total) and fast
treatments (35 birds total). | placed transmittersl8 birds (slown = 11, fasin = 7) in

cluster 1, on 10 birds (slow= 5, fastn = 5) in cluster 2, and on 44 birds (slow 21, fasin

= 23) in cluster 3. Transmitters were allocatedagnclusters based on their relative acreage
and Semipalmated Sandpiper population size (dugter 3 had the largest area and thus the
largest population of Semipalmated Sandpipers,endiister 1 had the smallest area but the
second largest observed population of SemipalnBaéedipipers).

Visual encounters (resights) in 2006 were obtalmedurveying the study area every
day (including banding day), except on three o@rasivhen it was done at 2 day intervals to
allow time for invertebrate sampling and shorelsmdveys. Similarly, resight surveys in
2007 were performed every day (including bandingsiiexcept during invertebrate
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sampling days. Tracking of instrumented birds d@se every day of the season. During
resight surveys, all managed wetland units un@atitnent (approximately 425 ha) were
searched from the dyke surrounding each unit, dsasdy walking into the units where
substrate and water depths allowed. Telemetryckeamwere performed using R-1000
telemetry receivers (Communication Specialists,, [@cange, CA) with an RA-14K “H”
style handheld antenna (Telonics, Inc., Mesa, Axacking was done in teams of two to
simultaneously locate telemetered birds using gqidettion from 14 pre-determined listening

stations placed throughout the study area.

Bird Population Index

Weekly shorebird counts were conducted to obtaiiea of changing population
numbers at YWC. However, because | could not same@th of the managed wetland units
in their entirety, | made counts from three randphatated survey points at each managed
wetland unit and treated it as an index of the patpan size. Counts at each managed
wetland unit were made within a 100 m radius fiaeela of the point to standardize results

(birds/unit area). Within the 100 m area, | asstithet detection was 1 or nearly so.

Wind

The possible influence of “southerly winds” on siaird residency was modeled
using an expression that excluded all winds thatccbe considered “head winds” or those
less than 90 degrees or greater than 270 deg¥éesls from a southerly direction might aid
northbound shorebirds in their movement among stepareas (Butler et al. 1997). This
covariate was calculated swind= -X v; cod I; wherel; = 1 if co%); is < 0, otherwisé; = 0
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(J. E. Lyons, Patuxent Wildl. Res. Ctr, pers. comrihe closest source of wind data to
YWC was the Charleston International Airport, 80 &auth of YWC. Hourly surface wind
data were collected by the National Climatic Da&mtér. Surface winds were used because
they are the cues birds on the ground use to fgeminds aloft (Skagen and Knopf 1994b,

Akesson and Hedenstréom 2000, Liechti 2006).

Data Analysis

Shorebird count data (birds/ha) were analyzed UBM@VA with survey period,
treatment, and the interaction survey*treatmenhadel terms (JMP 1994). The response
variable was log-transformed to meet homogeneityaofances assumption. Similarly,
invertebrate data were analyzed using ANOVA with tbsponse variables being the
biomass of invertebrates (all taxa, all substratdéddel terms were sampling period,
treatment, managed wetland unit within treatmedtiateraction between period and
treatment (JMP 1994). Invertebrate data were paraesformed to meet homogeneity of
variances assumption.

| combined invertebrate taxa by substrate becaust taxa were detected (90%) in
all sampled units and because prey biomass for taratdid not differ between treatments
(Appendix 1). Semipalmated Sandpipers are knowpréy on all of the prey items found in
YWC (Weber and Haig 1996), and like most migratemgrebirds, they are known for their
dietary flexibility (Skagen and Oman 1996, Par2€i®0). Therefore, it is unlikely that
pooling data by substrate masked the influencenpfparticular prey item on foraging

patterns by migrant Semipalmated Sandpipers irorespto drawdown schedules. This
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possibility was further minimized by re-assigningatments to most managed units between
2006 and 2007.

Weight and wing chord measurements were useddalate estimated percent fat
(epf), which is a body condition index, for eachddbased on the equation epf = 100 ((WT-
FFW)/WT), where WT is the total body weight and Fi&Nhe fat-free weight (Page and
Middleton 1972, Dunn et al. 1988). Fat-free wesglvere calculated based on the equation
FFW =-9.0513 + 0.3134 (wing length) (Page and N&tlh 1972). Patterns of epf change
over time per year were examined using ANOVA (JMP4). Model terms were time
period, treatment and interaction. This analysas vestricted to 2007 when birds in both
treatments were collected only 1 day apart. Suobnérast in 2006 would not be appropriate
because (1) fewer samples were collected and €2jrtte interval between them was 4 days.
Epf is believed to increase with time at stopo\erg., Lyons and Collazo in press).

| expressed accessible habitat as the proportittinneach treatment because, unlike
2006, the amount of hectares under each treatm@@d7 was markedly different. In 2006
there were a total of 179 ha under fast treatmedtl®5 ha under slow treatment, while in
2007 there were a total of 81 ha under fast treattraued 336 ha under slow treatment. The
proportion of accessible habitat was calculated as:

Proportion of = total area (ha) of accessibleitiaé in treatment of interest
accessible habitat the total area (ha) ofssibke habitat in both treatments

In 2006, | estimated residencé][ and movementy ) rates based on encounter

histories from visual recaptures or resight ddta2007, | combined encounter histories from
resight (collected from 8 May to 11 June) and tetgn(collected from 18 May to 11 June)

data. A joint analysis of the two data types, mefé to as group (g) in models, has the
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advantage of increased precision of estimates Hagvéhe ability to test for differences in

the encounter rates of the two cohorts (Nasutial.&t001). In 2006, there were 22

sampling occasions, or 21 intervals. In 2007 ,alveere 24 sampling occasions or 23
intervals. Every sampling occasion representsngpbete search of the refuge. In most cases
this search took 1 day, but in a few instances d¢etagoverage took 2 days. | also

estimated the mean length of stay (MLS) of shodsb@&ach year using: MLS = - 1/In (daily
residency probability) (Brownie et al. 1985). Estites should be taken only as an
approximation of MLS because this formula assuneestant survival and previous work
modeling shorebird residency rates has shown #tes vary seasonally (Dinsmore and
Collazo 2003, Lyons and Collazo 2005). Estimaggmrted herein are based on the seasonal
average of daily residency probabilities.

Five covariates were used to model residency ancement rates in 2006. These were
estimated percent fat (epf), speed of southerhdw/ifSwind), index of bird density (average
birds/ha), and proportion of accessible habitaittrent, total area (ha) under a specific
treatment. In 2007, two additional covariatesyptensity (mg/cr) and average distance
between treatments (proximity) were modeled. Esta percent fat and southerly winds were
used only to model their influence on residencgsatConversely, total area of wetland units
under each treatment and average distance betwasgments were used only to model their
influence on movement rates. These covariates medeled as additive effects on either
constant or time-varying S and Psi models usingced parameter models. Time-varying
models also included linear (T) or quadratic (Tdnms as it has been shown the residency rates
may vary in a curvilinear fashion (e.g., Dinsmonel £ollazo 2003) and | hypothesized that
movement rates might increase or decrease as adud MLS.
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Values of area and proximity were constant, andagd measured at capture for every
bird. Wind and accessible habitat data in 2007eveetlected on every sampling occasion and
manually entered to model their effects on timeywvay S and Psi using reduced parameter
models. In 2006, accessible habitat data wereceld weekly. Bird density index and prey
biomass data were collected on fewer occasiongadfield logistic constraints. Bird density
index was estimated weekly on five occasions; pieynass was estimated on three occasions.
Although I acknowledge that this was a limitatiamy goal was primarily to gain insights about
the influence of these variables on a time varygiogtext with as many estimates as logistics
permitted. To minimize spurious interpretatiorr@gults, data were collected in the shortest
possible intervals and were closely aligned witlgnaion events and treatment implementation.
For this reason, | chose to model only prey daienf2007. Prey was first sampled on 17-18
May 2007, closely matching peak shorebird migratdiad implementation of the fast drawdown.
Subsequent sampling events were on 24-25 May amdla31—- 1 June, a week apart. Moreover,
when prey biomass was modeled for 2006, valuegtaf toefficients were unusually high
suggesting that predictions would be suspect (exgponentiation problems).

| expressed accessible habitat (ha) in relativagsdi.e., proportion in treatment of
interest/sum of accessible habitat in both treate)d@n account for the different areal extent
under each treatment type. Distance between aetedlgeatment and the nearest next treatment
(proximity) was expressed as the average distaoce the perimeter of each managed wetland
unit under one treatment (i.e., slow) to the clopemt on the perimeter of every managed
wetland unit under the other treatment (i.e, faBlistances were obtained using ArcGIS. The
estimate of proximity in 2006 was equal (984.25omapproximately ~1 km, and thus, this
covariate was not modeled. Proximity was modehe2007 because the assignment of
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treatments among managed wetland units yieldedrdift estimates. In 2007 the average
distance between fast-managed units to the neslosgtmanaged wetland units was ~1 km
(1095.5 m), whereas it was ~1.5 km (1522.9 m) febow- to fast-managed wetland units.

Finally, | modeled the interaction between epf aadtherly winds. While epf is index of
body condition measured at capture, 500 birds waptured throughout the season. The range
of values collected over time provided an oppotiuta explore if epf interacted with daily wind
patterns. | also constructed models to explorerttezaction between prey biomass and
accessible habitat for 2007 models. The ratiofaléhe interaction stemmed from the fact that
prey for Semipalmated Sandpipers occurred in dathmater column and muddy substrate. As
such, patterns of prey richness and biomass maywign water levels. It follows that foraging
guality might be highest when physical conditioheva shorebirds to forage in both substrates
simultaneously< 0-4 cm water depth).

| constructed 33 and 58 models to evaluate vanatiagesidency rates (S) and movement

rates (/ )in 2006 and 2007, respectively. Ta@riori model sets included pre-defined, naive

models as well as reduced parameter models (Appesidiand 111). The 2007 models included
encounter histories made up of visual (resight) tefemetry data. Recapture rates were
modeled either by accounting encounter source Yigual and telemetry) or combining
encounters regardless of source. Naive modelsiating for encounter probability by source
(i.e., {p @)}) ranked higher than constant {p (.)} or time-yarg models {p {)}. Thus, most
models in thea priori model set were modeled with encounter probalslitie sourced),

followed by constant encounter probability. Mode&igh encounter probability by group over
time (i.e., {p @*t)} were not considered because recapture probgplntts not estimable for

many intervals.
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Analyses were done using the “multi-strata reca#wnly” module in Program MARK
(White and Burnham 1999). | used the Akaike’s tnfation Criterion to select the most
parsimonious model (Burnham and Anderson 2002)déMowithAAICc < 2 were considered
models with highest support. | could not obtaireatimate c-hat to adjust models for
overdispersion, much of it probably stemming frdma gregarious behavior of shorebirds. The
2006 models had observedhat values ranging from 2.29 to 2.63, which sutggesodel
selection was not unduly affected because values «8.0 (Lebreton et al. 1992, pp. 84-85).
However, some 2007 models had obsem+bdt values of 4.28 to 4.37. As suggested by Cooch
and White (2006), | assessed the sensitivity ofbaplels to increasing values of med@hat
(e.g., 1.5, 2.0, 2.5). This ad hoc process leadsdre conservative model selection (i.e., fewer
parameters) and can suggest if other models sihawviel received greater support. Adjustments
re-ordered top four modelAAICc < 2), but re-ordered models did not contain new germ
(covariates) influencing S or Psi. Substantiabrgering of models, coupled with relative low
AICc weights, suggested that there was substamiatrtainty with regards to model selection in
2006 and 2007 (see RESULTS). Therefore, | modetayed over the top models to account for
this uncertainty (Cooch and White 2006). Becahsenumber of models explored was large, |

only report those with AAICc <10 (Burnham and Anderson 2002). Finally, | usddreges of
S and{ to separate movement and residency probabilifiessatment (Cooch and White
2006). | was interested in depicting the probabdif a shorebird surviving and not moving

from a particular treatment (i.e®%or ® ). Expressing results in this fashion should aid

readers to discern better the possible functioaklesof drawdown treatments to shorebirds.
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Careful consideration of four model assumptionsigortant to interpret these
results. First, | assumed that every color-maiiied had the same probability of being
resighted in sampling periadand that every marked bird had the same probgbifit
surviving from sampling periodto i+1, assuming that it was alive and present in the
population at the time the survey was conductede SJame applied to instrumented birds.
Second, | assumed that emigration (i.e., departvas)permanent. | believe that this
assumption was met because coverage of the stady aas frequent and surveys included
all available shorebird habitat at YWC, reducingrtes that color bands or instrumented
birds were overlooked (e.g., temporary emigratio®jpport for my assumption also comes
from the work of Lyons and Collazo (2005). Thewurid no evidence of temporary
emigration problems during their study of telemeteSemipalmated Sandpiper at YWC in
2001 after routinely checking adjacent wetlandsrapaerial surveys. Some birds might
have emigrated to near-by sandbars and mudflagselj to South Island in Winyah Bay
and along the ocean beach (Weber and Haig 1996)hé&se areas are used for roosting.
Foraging takes place within YWC. Third, | assunteat marks (i.e., color bands,
transmitters) were not lost and that in the cassotidr bands, all were correctly recorded.
This assumption was corroborated at least for tétitesrs—no losses were recorded during

this study. Parameter estimates were reportedtasate + standard error.

Results
Bird counts fluctuated seasonally, peaking ardinedsecond and third week of May

(Figure 2). Average bird density differed sigréittly by treatment in 2006 (slow= 1.02,
fastX = 0.40;F =5.57, df = 1, 43p = 0.02, Figure 3a). Bird density varied by survey
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occasion (time) and treatmeft € 2.74, df = 9, 35p = <0.001). Patterns of bird density did
not differ significantly between treatments or otiere in 2007 F = 0.009, df =1, 43) =
0.93, Figure 3b).

The average epf value in 2006 was 13.56 (SE = h2d)15.22 (SE = 1.69) in 2007.
Epf values in 2007 were not significantly differdrgtween treatment& & 0.06, df = 1, 139,
p = 0.81). The average epf value in fast-managethne units was 15.373 (95% Cls =
13.265 - 17.481) whereas it was 14.938 (95% CI8.680 - 17.827) in slow-managed
wetland units (Figure 5).

The daily total area (ha) of accessible shorelaioitat (0-4cm) in managed
wetland units increased with time as expected (egba, b). Depicting the percent of
accessible habitat provided a clearer picture @fitimediate response to the rapid
drawdown (Figures 6a, b). Also as expected, rliafeents (e.g., 2 June 2007) reversed
temporarily the increasing trends in accessiblathab

Prey biomass in 2006 varied significantly by sanmgpbccasion and treatmerit €
3.97, df = 2, 14p = 0.04). Prey biomass in fast-managed units waei than in slow-
managed units (Figure 7a). There was also eviddratgrey biomass varied by
impoundment within treatmeni (= 3.85, df = 7, 14p = 0.02). In 2007, prey biomass was
significantly lower in fast-managed unifs € 15.04, df = 1, 2Qp = 0.0009). Average prey
biomass in fast-managed wetland units was 0.09migighere as it was 0.21 mg/iim
slow-managed wetland units (Figure 7b). There ewédence that prey biomass varied
among managed wetland units within treatmefts .52, df = 10, 20p = 0.04), reflecting

the heterogeneity of prey availability regardlemanagement.
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In 2006, residency rates were best described bgdehwith a curvilinear trend in
daily survival rates (TT), epf, southerly wind ($d) and an interaction between epf and
Swind (AICc weight = 0.22, Table 2). Model-averddeends in residency rates were similar
for birds marked in either treatment (Figure 8heTnean length of stay for birds marked in
fast-managed units was 2.63 days (95% Cls = 23233) and for birds marked in slow-
managed units was 3.10 days (95% Cls = 2.53 — 3B8¥ight probability for this model
was constant (0.082; 95% C.I. = 0.063 - 0.106)e ifteraction between epf and Swind was
significant and negativef = -0.018; 95% Cls = -0.0329 to -0.0026; Table Bjriation in
movement probability was best explained by a cunedr trend (TT) and the proportion of
accessible habitat by treatment. Accessible hiasigaificantly and negatively influenced
movements ratef = -2.447, 95% C.1. = -4.830 to -0.064). Modelsaged movement rates
increased seasonally and differed significantlynfoeerlapping Cls) during occasions 4-11
(Figure 9). Average movement rates from fastd@@/ananaged wetland units was 0.399
(95% C.l. =0.185 - 0.614). Conversely, averagesrfom slow- to fast-managed wetland
units was 0.227 (95% C.l. = 0.110 - 0.346). Pataf Phi @) suggested that residency of
birds marked in either treatment was greater at-simnaged units (Figure 10). It was
noteworthy that the poorest use of fast-managethneunits occurred soon after full the
implementation of the rapid drawdown (occasion 6).

Based omM\AIC (< 2.0), there were four other competing models (&) The
second best model featured bird density as a factsitively and significantly influencing
variation in movement rates. The third best madebrporated bird density as influencing

residency rates and proportion of accessible hadmtaignificantly and negatively
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influencing movement rates. The fourth top modsl hesidency and movement rates
influenced by bird density, and the fifth top modéfered in that the proportion of
accessible habitat influenced both residency andement rates.

In 2007, residency rates were best explained iopadel with a quadratic term (TT),

bird density, epf, southerly winds (Swind), andirsteraction between epf and Swinds (AICc
weight = 0.24, Table 4). The epf*Swind interactisas significant and negatives(= -

0.011, 95% CI =-0.019 to -0.003; Table 5). Bimhsdlty positively and significantly
influenced residency ratesd(= 0.678, 95% Cl = 0.080 — 1.276). The mean lengstay

for birds marked in slow-managed units was 5.36% ¢85% CIl = 2.863 — 7.875) and 5.74
days (95% CI = 3.733 — 7.750) in fast-managed urissight probability for color-marked
birds was 0.11 (95% CI = 0.091 - 0.138) and foerredtered birds was 0.70 (95% CI = 0.641
- 0.753). Movement rates were negatively but mgtiBcantly influenced by prey biomass

(B =-1.886, 95% CI = -4.464 — 0.692). Based\diC (< 2.0), there were three other

competing models (Table 4). All alternative modelstured the negative influence of prey
biomass on movement rates. Bird density appedoed avith prey biomass in only one
model. The positive influence of prey biomass bind density or prey biomass and access
were featured along with epf and Swind as factoilséncing residency rates in alternative
models (Table 4).

Model-averaged trends indicated that birds in-faghaged units had higher

residency rates&:() than in slow-managed units while at YWC, sigrafitly so during
occasions 9-15 (Figure 11). The probability of mgvfrom fast- to slow-managed wetland

units was high early in the season, followed byaak®d drop after the rapid drawdown was
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implemented (occasion 7, Figure 12). Rates wgeifstantly different throughout the
season (i.e., non-overlapping Cls). The averageesment rate of fast- to slow- managed
wetland units was 0.467 (95% Cls = 0.406 — 0.527@n& as movement rates in the opposite

direction averaged 0.055 (95% Cls = 0.044 — 0.0d@®)e probability of surviving and not

moving for birds in slow-managed unit®{S) post-treatment averaged 0.654 (95% Cls =

0.595, 0.713) (Figure 13). Conversely, the prolitgtof birds surviving and not moving
from fast-managed unitsi{™ ) averaged 0.399 (95% Cls = 0.353, 0.445) aftefuhe

implementation of the draw down. Daily estimatésh5™ never exceededSS.

Discussion

Models with highest support, regardless of yeaghlghted the influence that
estimated percent fat and southerly winds exented esidency rates. The significant and
negative interaction between these factors meantifferences in departure rates between
birds of varying body condition were minimized. dther words, it was possible for birds of
high and low epf values to depart YWC on the saooasion as had been reported for
Semipalmated Sandpipers in mid-continent stopotes §Skagen and Knopf 1994). A
factor facilitating this possibility was the streh@nd frequency of southern winds (Chapter
1, Weber et al. 1998, Akesson and Hedenstrém 20Di@se factors were also featured in
models exploring residency and movement rates arolusgers of wetlands at YWC and
residency rates at the refuge level (Chapter he donsistent presence of these factors in
analyses at various scales attests to how localeaigdr-scale factors interact to mold
migration strategies (Skagen and Knopf 1994, Lyeoms Haig 1995, Farmer and Weins

1999, Sanzenbacher and Haig 2002).
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In this hierarchical framework, | hypothesized telbrebirds would remain at or
move to and remain at newly created habitat whiVEC. A determinant factor
influencing these patterns would be higher levélsrey biomass made available after a
rapid draw down. Support for my hypothesis waskvdavidence collected over two field
seasons indicated that shorebirds responded sutlaen availability of accessible habitat as
expected. However, the rate at which birds moweatds fast-managed wetland units was
significantly lower in 2006 and 2007 than movemiarthe opposite direction. By and large,
birds marked in slow-managed wetland units tendeérnain there. Conversely, birds
marked in fast-managed wetland units had loweigioifecantly lower chances of remaining
in those units.

In 2006, the probability of surviving and not mogim fast-managed wetland units

(®" ) increased as the season progressed, but dickeee@dSS post-treatment. A
plausible explanation for these patterns is thatagament created accessible, functionally
connected habitat but of dissimilar value. Slowaaged wetland units had higher prey
biomass, significantly so at the time when the éfilécts of the fast draw down were
recorded (occasion 6). Thus, while birds were &blmove between units under both
treatments, slow-managed units continued to red@teer use. Connectivity is relevant in
this discussion because models suggested thattisgment distance was not a constraint
on inter-treatment movement patterns. Birds mdvédkm, on average (Chapter 1), which
was greater than the inter-treatment distance @6 2Md 2007. Encounter history data were
not sufficient to jointly model the influence oftén-cluster and between-treatment distances
(3 clusters * 2 treatments). However, | do notéoad that my inferences about between-

treatment movements are unduly biased becausengatt occurred within clusters that
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were functionally connected .5 km, Chapter 1). Finally, | speculate that lhensity
could have contributed to the higher residencyl@frfananaged units. Density of birds in
slow-managed wetland units was significantly higed its positive influence on residency
rates was featured in 3/5 competitive modAKICc < 2.0). Bird aggregations tend to draw
other birds and enhances opportunities for locatiey food patches while minimizing the
risk of predation (Barbosa 1995, Lima 1995, Batdéewl. 2003).

Inferences from 2006 were strengthened by pat@rnssidency and movement rates

in 2007. Birds tended to significantly remain love-managed wetland units (a\[gSS =
0.654). Birds also exhibited a significantly higpeobability of moving out of fast-managed

wetland units (avgV = 0.554) and significantly lower probability ofna@ining in those

units (avgﬁ)FF =0.399). Differences in residency were greadkely because prey biomass
was significantly higher in slow-managed units tigbout the season, unlike 2006 when
significance was detected only during the middl¢hefseason. The prevalence of prey
biomass in all top, competitive models attesteitistamportance in influencing both
residency rates (positive) and movement rates (ve&ja Shorebirds are selectively attracted
to areas with higher food abundance (Hicklin andt®i084, Colwell and Landrum 1993,
Farmer and Parent 1997, Placyk and Harrington 208#,and Haig 2006), selecting among
available habitats in relation to long-term netrggegains (Laubhan and Gammonley 2000).
The proclivity of birds to move out of the fast-nagied wetland units suggested that birds

had to invest more time searching for suitable tadlyperhaps contributing to the higher

residency é) at YWC immediately after the implementation o tlapid drawdown.

Admittedly, the negligible movement rates away frelow-managed wetland units might
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have been influenced by the higher number of hest¢836) under a slow treatment as
compared to units under a fast treatment (81 fh)s disparity was modeled by expressing
accessible habitat in relative terms in time-vagymodels and as an additive effect in
constant Psi models. The latter models did nativecsupport% 10
AAICc; Burnham and Anderson 2002) and the formegested that accessible habitat had a
negative, albeit not significant, influence ovesidency rates. Thus, | still believe that
ultimately prey, not accessible habitat, influencesidency for the reasons articulated above.
One of the aims of a fast drawdown is to provideetBe and high quality habitat
quickly during peak migration. It calls for maximmg the extent of habitat available to the
bulk of the population during a period of high ntaimance and energetic requirements
(Myers et al. 1987). However, my findings suggestet the presumed advantage to birds
was predicated on several high-risk suppositidfisst, prey biomass could be markedly
lower in fast-managed wetland units, as documeintéais study. This possibility undercuts
the very premise behind the implementation of matvdowns. Birds will respond to the
physical stimulus created by the rapid draw dovut,dy the same token, birds will move out
if differential prey conditions are encounteredseldf fast-managed wetland units might also
be dampened if newly created habitat represertw @toportion of suitable habitat in the
conservation area. Under such circumstances, extamectivity and quality of the
competing treatment (i.e., slow drawdown) mightléalow use of fast-managed wetland
units (@) even if prey biomass are similar between treats@elisle 2005). My work
also suggested that use of habitat created bylfastdowns might be dampened by the
presence and activity of foraging flocks on neigfitgp slow-managed wetland units

(Barbosa 1995, Lima 1995, Battley et al. 2003; Géap). Flocking also helps shorebirds to
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offset the costs of predation (Cresswell 1994, Bsall 995, Ydenberg et al. 2002, Pomeroy
2006). This benefit is more likely accrued in sighared with other shorebirds.

Another risk associated with the implementatiomagiid drawdown is missing the
intended target of peak migration. Brief layovansl annual variation on migration
schedules conspire to increase that possibilityljuestrated by this work. In both 2006 and
2007, peak migration occurred around May 14-16 days before the full effects of a fast
drawdown. Previous research suggested that pegtatioin occurred around May 2@t
YWC (e.g., Marsh and Wilkinson 1991, Lyons and HE®§5, Weber and Haig 1996).
Finally, the challenges of timing the drawdown psely could be compounded by
operational considerations (J. Dozier, Manager, Y,\M&s. comm.). Flooded wetland units
might not allow managers to determine if a watertiad structure is functional. Potential
problems will become apparent only after the attetmplewater the unit rapidly is
implemented. The time required to fix such ungsally extends past the migratory season
(J. Dozier, YWC, pers. comm.).

My findings suggested that unless local conditipreclude alternatives, fast
drawdowns should not constitute the primary managgrscheme to meet habitat
requirements for migratory shorebirds, at leashensoutheastern United States. As
suggested by many before me, habitat objectivebeadequately met by implementing a
series of staggered, slow drawdowns (see Rundlé-gdtickson 1981, Breininger and
Smith 1990, Colwell and Taft 2000, Isola et al. 20Collazo et al. 2002, Parsons 2002, Taft
et al. 2002). My study strengthened the rationadafying the implementation of this
scheme by quantifying functional responses of dbiaie in the context of management
experiments.
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Effective design and implementation of staggeréxly slrawdowns relies on basic
knowledge about prey base dynamics, hydrologiclméipes at hand to attain specified
water depth levels, and knowledge about timingation and average size of shorebird
populations at a stopover (Loesch et al. 1995, Wabeé Haig 1996, Collazo et al. 2002).
This study also stressed the importance of funatlprtonnected management units (see also
Chapter 1). The following recommendations sho@ddilowed to enhance habitat for

migrant shorebirds:

1. Establish a relationship between water gaugeéings and the amount of accessible
habitat for each management unit of interest. Thrsbe accomplished by conducting
bathymetric surveys as those described in this wotky Collazo et al. (2002) and Tatft et al.

(2002).

2. Staggered, slow drawdowns should be implemeahtedighout the season to provide
habitat for early migrants, but maximize the amafrdccessible habitat for peak migration.
Implementation should strive for depths rangingnfr@-8 cm to accommodate a wide array
of species (Weber and Haig 1996, Davis and Smif#8,18ollazo et al. 2002). Estimates of
the number of hectares required throughout theoseean be obtained following
recommendations outlined by Loesch et al. (19963ite-specific estimates of mean length
of stay are not available, Lyons and Collazo (20@8pmmend using 10 days for the

southeastern United States.
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3. Understanding prey dynamics is essential toensake that high quality habitat is made
available to shorebirds (Weber and Haig 1997, Qolkt al. 2002). Periodic prey sampling

is recommended to ensure that estimates of reqhabiat reflect actual prey levels.

4. Multiple management units should be functionatinnected, particularly if they occur
within a single conservation area. The ease ofamnt to and from different managed
wetland units enhances foraging success while regube costs of searching for high
guality sites (Farmer and Parent 1997, Goodwin 2083 the Yawkey Wildlife Center
clusters of wetlands were functionally connectedisttances of 2.5 km. Within a cluster,
average distances among managed units were coalsigiégswer and were not found to be
an impediment to shorebird movements. The 2.5 istawice reported in this study was
slightly greater than 1.1 km reported for Pect@ahdpipers in ephemeral wetlands in the
mid-continent (Farmer and Parent 1997) and sindldhe 2 km reported for over-wintering

Dunlins in inland wetlands in Oregon (Taft and Ha@6).
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Table 1. List of treatment assignments to managsthnd units at the Tom Yawkey

Wildlife Center, South Carolina in 2006 and 200#eatments were either a slow (S) or fast
drawdown (F). The size (ha) of managed wetlantsuthe cluster where it belonged, and an
identification number are also listed. The idaaéifion number corresponds to each unit’s

number in Figure 1.

Size

Managed Wetland Unit Cluster Treatment
Number 2006 2007

Cooperfield 1 13 1 n/a F
Blackout Pond 2 34 1 F S
Penfold Pond 3 22 1 S n/a
Southeast Goose Pasture 4 28 2 F F
Southwest Goose Pasture 5 55 2 S S
Northern Reserve 6 23 3 F S
Lady's Pond 7 12 3 n/a F
Upper Lower Reserve 8 27 3 S S
Middle Lower Reserve 9 69 3 S S
Lower Lower Reserve 10 18 3 n/a S
Twin Sisters Pond 11 65 3 F S
Santee Pond 12 45 3 S S
Upper Pine Ridge Pond 13 28 3 F F
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Figure 1. Map of the Tom Yawkey Wildlife Centegugh Carolina showing the location of
managed wetland units under experimental manimuidat estimate residency and
movement rates of Semipalmated Sandpipers duringdgmigration of 2006 and 2007.
Wetland units were either under a slow (S) or (eytdraw down regime. Left panel (1a) is
the treatment allocation in 2006; right panel (iEihe treatment allocation in 2007.
Managed wetlands were numbered to correspond tie Tab
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Figure 2. Total number of Semipalmated Sandpipeusited at 33 survey points (3 in each
of 11 managed wetland units) at the Tom Yawkey WadCenter, South Carolina during
Spring migration 2006. Surveys were conducted ay Ml', May 12", May 18", May 27",
and June ™. A total of 9.42 ha were surveyed in clustersd 2 each period, and a total of
23.56 ha were surveyed in cluster 3 each period.
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Figure 3. Average weekly estimate of Semipalm&addpipers per hectare (ha) in slow-
and fast-managed wetland units at the Tom Yawkdglifé Refuge, South Carolina during
Spring migration in 2006 and 2007. Top panel (8gjicts pattern in 2007; bottom panel
(3b) depicts pattern in 2006.
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Figure 4. Average estimated percent fat (epfaature £ SE) for Semipalmated Sandpipers
in fast- and slow-managed wetland units at the ¥awkey Wildlife Center, South

Carolina. Data in 2006 were collected on 20-21 Meslow-managed units and on 26-28
May in fast-managed units. Data in 2007 were ctdié on 20, 24 and 26 May in slow-
managed units and on 21, 23, 27 and 28 May inmfestaged units.

94



160
< 140 -
<
& 120 |
%
£ 100
o
2 80
w
&
o 60
o
<
S 40
S
z 20-
0 += —B8
© © © © © © ©
X & o° ' ‘N & ‘N &
\b}']/ @'\/ q>'1/ (0\'1/ Vv N Q)\"]/ \,\9/
@ & & oV P\ & " | _o—Slow
Date —m— Fast
250
< 200
<
IS
._é
T 150 A
o
o)
B
(%]
S 100 |
(&)
<
©
©
2 50 |
<
0 . ; ‘
Q Q Q Q Q Q A Q Q
S § $ S N § $ S §
v 4 \V \V \ v U v v
43\% (o\\')’ <,>\'\§° <,>\‘19 (o\’bb‘ (o\’ﬁ’ & Q>\<° P —e— Slow
Date —s— Fast

Figure 5. Number of hectares of accessible haffitdtcm) made available to Semipalmated
Sandpipers under a slow and fast draw down regtrtteealom Yawkey Wildlife Center,
South Carolina. Top panel (5a) depicts seasorntdmpan 2006; bottom panel (5b) depict
pattern in 2007. The fast draw down was implenaote17 May 2006 and 17 May 2007.
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Figure 6. Percent of total area within each madagetland treatment (slow or fast draw
down) made accessible (0-4cm depth) for Semipalindgndpipers at the Tom Yawkey
Wildlife Center, South Carolina. Top panel (6apides seasonal pattern in 2006; bottom
panel (6b) depict pattern in 2007. The fast drawmwas implemented on 17 May 2006
and 17 May 2007.
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Figure 7. Average biomass (mg/of all invertebrates present in muddy substrate a
water column in slow- and fast-managed wetlandsietithe Tom Yawkey Wildlife Center,
South Carolina during spring migration of SemipakdaSandpipers. Top panel (7a) depicts
average biomasg (SE) of invertebrates sampled on three occasio@8@6: April 28™-30",
May 16™-17", and June®t4™. Bottom panel (7b) depicts average biomasSK) of
invertebrates sampled on May™ 78", May 24"-25" and May 3i-June ' 2007.
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Table 2. Model selection for residency rates (¥ral movement rates (Pgl,) between
slow- and fast-managed wetland units of Semipalch&ndpipers at the Tom Yawkey
Wildlife Center, South Carolina, Spring 2006. Mbgarameters includaAICc values,

AICc weights, number of model parameters, and dheéa Five covariates were used to
model residency and movement rates: estimated mieiate(epf), southerly wind speed
(Swind), index of bird density (birds/ha), proportiof accessible habitat/treatment (access),
and total area under a specific treatment (ar€hgse covariates were modeled as additive
effects on either constant or time-varying resigegmad movement models using reduced
parameter models. Time-varying models were alsdeteal using a linear (T) or quadratic
(TT) term. Resight probabilities (p) were modegesdconstant (.) and time varying (t).
Covariates and interaction between epf and Swihavére modeled as additive (+) effects.
Only models with @\AICc < 10 are listed.

Delta AlCc

Model AlCc Weight  #Par  Deviance
{S (TT+epf+Swind+epf*Swind), p (.), Psi (TT+access) 0 0.22257 11 1241.302
{S (TT+epf+Swind+epf*Swind), p (.), Psi (TT+bird} B9 0.16579 11 1241.891
{S (TT+bird+epf+Swind+epf*Swind), p (.), Psi (TT+eess}} 0.92 0.14074 12 1240.139
{S (TT+bird+epf+Swind+epf*Swind), p (.), Psi (TT+oi) 1.44 0.10809 12 1240.667
{S (TT+access+epf+Swind+epf*Swind), p (.), Psi (BEeess)} 1.97 0.08302 12 1241.195
{S (TT+epf+Swind+epf*Swind), p (.), Psi (TT+accessrd)} 2.06 0.0794 12 1241.284
{S (TT+access+epf+Swind+epf*Swind), p (.), Psi (Dird)} 2.54 0.06253 12 1241.762
{S (TT+Swind), p (.), Psi (TT+access)} 372 0.0347 9 1249.158
{S (TT+Swind), p (.), Psi (TT+birds)} 431 0.02585 9 1249.747
{S (TT+epf+Swind+epf*Swind), p (.), Psi (TT)} 4.48 0.02366 10 1247.858
{S (TT+bird), p (.), Psi (TT+access)} 6.36 0.00928 9 1251.796
{S (TT+access+epf+Swind+epf*Swind), p (.), Psi (JT) 6.55 0.0084 11 1247.856
{S (TT), p (.), Psi (TT+access)} 6.66 0.00798 8 1254.156
{S (TT+bird), p (.), Psi (TT+bird)} 6.96 0.00685 9 1252.401
{S(TT), p (.), Psi (TT+bird)} 7.25 0.00594 8 1254.745
{S (TT+access), p (.), Psi (TT+access)} 744 0.@53 9 1252.884
{S (TT+access), p (.), Psi (TT+bird)} 7.98 0.00411 9 1253.425
{S (TT+Swind), p (.), Psi (TT)} 8.21 0.00366 8 1255.713
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Table 3. Beta parameter estimates for the topntrexat model of daily survivali),

detection @), and movement probabilitiegl() of Semipalmated Sandpipers at the Yawkey
Wildlife Center, South Carolina, Spring 2006. Coates were modeled as additive effects
on time-varying, reduced parameter models. Addigéffects included the interaction
between estimated percent fat (epf) and southdrig speed (Swind).

95% Confidence Interval

Model Term Estimate Standard Error Lower Upper
Daily Survival(S)

Intercept 1.51418 1.27431 -0.98348 4.01184
T (linear) 0.07034 0.11899 -0.16288 0.30355
TT (curvilinear) -0.00680 0.00587 0831 0.00471
Epf 0.13192 0.05035 0.03323 23061
Swind -0.07357 0.16458 -0.39615 0.24901
Epf*Swind -0.01774 0.00773 -0.03290 -0.00258
Detection(p)

Intercept (constant) -2.41388 0.14338 -2.69491 -2.13285
Daily Movement(¢/)

Intercept -5.03676 2.49920 -9.93519 -0.13833
T (linear) 1.89467 0.54385 0.82872 2.96061
TT (curvilinear) -0.11722 0.03134 -18B5 -0.05580
Access -2.44691 1.21599 -4.83026 -0.06356

99



0.9
0.8
0.7
0.6
0.5
0.4
0.3 A
0.2

Daily Survival Probability (S)

0 T T T T T T T T T T T T T T T T T T T T 1
1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

Sampling Occasion —e— Slow
—a— Fast

Figure 8. Residency rates (i.e., daily survivalyability, S) and 95% confidence intervals
for Semipalmated Sandpipers in fast- and slow-matagetland units at the Tom Yawkey
Wildlife Center, Spring 2006. Values were obtaiadigr averaging the top five models (i.e.,
AAICc < 2, Table 2). The first sampling occasion was NI&Y and the last on Jun&'6 The
blue line is the daily residency rate for birddast-managed wetland units; the red line for
slow-managed units.
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Figure 9. Movement rates (i.e., daily movemenbptility, (/) and 95% confidence
intervals for Semipalmated Sandpipers in fast- glod-managed wetland units at the Tom
Yawkey Wildlife Center, Spring 2006. Values weldained after averaging the top five
models (i.e.AAICc < 2, Table 2). The first sampling occasion was M& and the last on
June 8. The blue line is the daily movement rate fodbim fast-managed wetland units;
the red line for slow-managed units.
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Figure 10. Seasonal patterns of the probabilityust/iving and staying at slow-managed

wetland units (Phi SS]DSS) and of surviving and staying in fast-managedsu(#hi FF,

@) by Semipalmated Sandpipers at the Yawkey Wildliémter, South Carolina during

Spring 2006. Values were obtained after averatfirgop five models (i.eAAICc < 2,

Table 2). The first sampling occasion was Ma} 2@d the last on Juné'6
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Table 4.Model selection for residency rates (S) at and med rates (Psiy ) between
slow- and fast-managed wetland units of Semipalch&ndpipers at the Tom Yawkey
Wildlife Center, South Carolina, Spring 2007. Mbgarameters includaAICc values,

AICc weights, number of model parameters, and ¢eé@a Seven covariates were used to
model residency and movement rates: estimated mieiate(epf), southerly wind speed
(Swind), index of bird density (birds/ha), prey iiass (mg/cr), proportion of accessible
habitat/treatment (access), average distance betireggments (proximity), and total area
under a specific treatment (area). These covariagze modeled as additive effects on
either constant or time-varying residency and mox@nmodels using reduced parameter
models. Models included interaction terms (*) é@f and Swind, prey and access, and linear
(T) or quadratic (TT) terms. Encounter probatabt(p) were modeled as constant (.), time
varying (t), and by encounter source (i.e., resigfiemetry). Only models withBAICc <

10 are listed.

Delta AlCc

Model AlCc Weight #Par Deviance
{S (TT+bird+epf+Swind+epf*Swind), p ( gTRT), PsiRIT+TT+prey)} 0 024024 14 2232.752
{S (TT+prey+epf+Swind+epf*Swind+bird), p (gTRT)sATRT+TT+prey)} 1.57 0.10957 15 2232.254
{S (TT+access+epf+Swind+epf*Swind+bird), p ( gTRPsi (TRT+TT+prey)} 1.82 0.09689 15 2232.5
{S (TT+prey+epf+Swind+epf*Swind+bird), p (gTRT)sRATRT+TT+prey+bird)} 1.96 0.09004 15 2232.647
{S (TT+prey+epf+Swind+epf*Swind), p (gTRT), PSiRT+TT+prey)} 2.34 0.07441 14  2235.096
{S (TT+prey+epf+Swind+epf*Swind+bird), p (gTRT)sATRT+TT+bird)} 2.69 0.06258 15 2233.375
{S (TT+prey+epf+Swind+epf*Swind), p ( gTRT), PsiRT+TT+bird)} 3.39 0.04417 14 2236.139
{S (TT+prey+access+prey*access+epf+Swind+epf*Swipd)gTRT), Psi (TRT+TT+prey)} 3.92 0.03383 16 2482

{S (TT+epf+Swind+epf*Swind), p (gTRT), Psi (TRT+¥prey)} 3.98 0.03288 13 2238.792
{S (TT+prey+epf+Swind+epf*Swind), p (gTRT), PsSiRT+TT+prey+bird)} 4.14 0.03036 15 2234.821
{S (TT+access+epf+Swind+epf*Swind), p ( gTRT), PERT+TT+prey)} 4.28 0.02825 14 2237.033
{S (TT+prey+access+prey*access+epf+Swind+epf*Swipd) gTRT), Psi (TRT+TT+bird)} 4.73 0.02261 16 22338

{S (TT+prey+epf+Swind+epf*Swind), p (gTRT), PsiRT+TT+access)} 4.95 0.02018 14 2237.705
{S (TT+epf+Swind+epf*Swind), p (gTRT), Psi (TRT+¥bird)} 523 0.01757 13 2240.046
{S (TT+epf+Swind+epf*Swind+prey+bird), p (gTRT)sHTT+prey+access)} 5.37 0.01636 15 2236.057
{S (TT+access+epf+Swind+epf*Swind), p ( gTRT), PERT+TT+bird)} 544 001585 14 2238.188
{S (TT+prey+access+prey*access+epf+Swind+epf*Swipd) gTRT), Psi (TRT+TT+access)} 5.85 0.0129 16 34226

{S (TT+prey+epf+Swind+epf*Swind), p (gTRT), Psi{¥Bird+access)} 6.18 0.01091 14  2238.936
{S (TT+epf+Swind+epf*Swind+prey), p ( gTRT), PsiT¥prey+access)} 6.2 0.01084 14 2238.949
{S (TT+epf+Swind+epf*Swind), p (gTRT), Psi (TRT+Faccess)} 6.51 0.00928 13 2241.323
{S (TT+access+epf+Swind+epf*Swind), p (gTRT), PERT+TT+access)} 6.99 0.00731 14 2239.738
{S (TT+prey+access+prey*access), p ( gTRT), PSiTFRT+Bird)} 9.75 0.00184 13 2244564
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Table 5. Beta parameter estimates for the topntrexat model of daily survivali),

detection @), and movement probabilitiegl() of Semipalmated Sandpipers at the Yawkey
Wildlife Center, South Carolina, Spring 2007. Coates were modeled as additive effects
on time-varying, reduced parameter models. Addigéffects included the interaction
between estimated percent fat (epf) and southdrig speed (Swind).

95% Confidence Interval

Model Term Estimate Standard Error Lower Upper
Daily Survival(S)

Intercept -1.44554 1.17131 -3.74131 0.85024
T (linear) 0.18496 0.15301 -0.11493 0.48485
TT (curvilinear) -0.01023 0.00554 aLo3 0.00063
Epf 0.05966 0.01914 0.02215 09@17
Bird 0.67797 0.30495 0.08027  .27568
Swind 0.33747 0.09271 0.15575 0.51918
Epf*Swind -0.01084 0.00423 -0.01913 -0.00255
Detection(p)

Intercept (telemetry) 0.84881 0.13670 0.58088 1.11675
Resight -2.91444 0.17947 -3.26620 -2.56267
Daily Movement(¢)

Intercept (Fast) 1.19812 5.01567 33598 11.02882
Slow -7.22126 3.21949 -13.53146 -0.91107
T (linear) 0.59796 0.42648 -0.23794 1.43386
TT (curvilinear) -0.02036 0.01594 0162 0.01089
Prey -1.88630 1.31525 -4.46419  .69059
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Survival Probability (S)

8 0.1 -
0 -— T 77— T 7T
1 2 3 45 6 7 8 9 1011 12 13 14 1516 17 18 19 20 21 22 23
Sampling Occasion —e— Slow
—a— Fast

Figure 11. Residency rates (i.e., daily survivaljability, S) and 95% confidence intervals
for Semipalmated Sandpipers in fast- and slow-mataggetland units at the Tom Yawkey
Wildlife Center, Spring 2007. Values were obtaiéter averaging the top four models (i.e.,
AAICc < 2, Table 3).The first sampling occasion was Ma$} &nd the last on June"1The
blue line is the daily residency rate for birddast-managed wetland units; the red line for
slow-managed units.
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Daily Movement Probability (Psi)

LM;

0 T T -: 1 : v T T T T T T T T T T T T T T T T T =1
1 2 345 6 7 8 9 1011121314 1516 17 18 19 20 21 22 23
Sampling Occasion —e— PsIiSF
—a— PsiFS

Figure 12. Movement rates (i.e., daily movemenbpbility, ¢/ ) and 95% confidence
intervals for Semipalmated Sandpipers in fast- glod-managed wetland units at the Tom
Yawkey Wildlife Center, Spring 2007. Values weldained after averaging the top four
models (i.e.AAICc < 2, Table 3).The first sampling occasion was Ma$} &nd the last on
June 1f. The blue line is the daily movement rate fodbiin fast-managed wetland units;
the red line for slow-managed units. Habitat istflamanaged wetland units was inaccessible
(i.e., flooded) during the first six sampling occes.
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Figure 13. Seasonal patterns of the probabilityus¥iving and staying at slow-managed
wetland units (Phi SSiJSS) and of surviving and staying at fast-managedsuffthi FF,
&DFF) by Semipalmated Sandpipers at the Yawkey Wildlimter, South Carolina during
Spring 2007. Values were calculated based on daityival (é) and movementy )

probabilities obtained after averaging the top faardels (i.e.AAICc < 2, Table 3). The
first sampling occasion was Majl' @nd the last on June .1
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Appendix |. List of invertebrate taxa detected (presentfat)se either slow- or fast-
managed wetland units at The Tom Yawkey Wildlifent@e, South Carolina, Spring 2006
and 2007. Summary includes average prey biomagk() by sampled substrate (e.g.,
mud, water column) by sampled substrate (mud oem@tlumn) and combined (all taxa, all
substrates). Average prey biomass by substraterabined and treatment (slow or fast)
were compared using ANOVA. Statistical differen¢es 0.05) between any pair of
treatment are indicated by an asterisk. Presenteisample is denoted by 1; absence by 0.

2006 Invertebrate Sampling Summary

Combined Mud and

Presence/Absence Mud Density Water Density Water Density

Fast Slow Slow Fast Slow Fast Slow Fast
Polychaeta 1 1 0.011925 0.027008 0.000991 0.00018912916 0.027147
Chironomidae 1 1 0.001164 0.006298 0.000230 0.0D029.001394 0.006588
Oligachaeta 1 0 0 0 0 0.000001 0 0.000001
Diptera 1 1 0.000168 0.000548 0 0 0.000168 0.000548
Amphipoda 1 1 0.000281 0.001879 0.002559 0.000043002841 0.001922
Odonata 0 1 0 0 0.000021 0 0.000021 0
Gastropod 1 1 0.010092 0.000225 0.000419 0.00001®10811 0.000241
Corixidae 1 1 0.000238 0 0.003236 0.000396 0.003473000396
Coleoptera 0 0 0 0 0 0 0 0
Trichoptera 1 0 0 0 0 0.000252 0 0.000252

2007 Invertebrate Sampling Summary

Combined Mud and

Presence/Absence Mud Density Water Density Water Density

Fast Slow Slow Fast Slow Fast Slow Fast
Polychaeta 1 1 0.076194 0.011940 0.000786 0.0024@aM76980  0.014381
Chironomidae 1 1 0.008244 0.017190 0.001514 0.09499.009759 0.022184
Oligachaeta 1 1 0.002660 0.000029 0.000017 0.00008m02677 0.000069
Diptera 1 1 0.000022 0.000209 0.000027 0.000084 00049  0.000294
Amphipoda 1 1 0.143879 0.000173 0.000913 0.008930144792 0.009103
Odonata 1 1 0.000000 0.000154 0.000009 0.0009230000® 0.001077*
Gastropod 1 1 0.011702 0.071278 0.004479 0.07182916080 0.143105*
Corixidae 1 1 0.000544 0.001532 0.000615 0.006173001059 0.007705*
Coleoptera 1 0 0 0.000118 0 0 0 0.000118
Trichoptera 0 1 0.000367 0 0 0 0.000367 0
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Appendix I1. List ofa priori models used to assess daily resideré)/e(nd movementy)

rates between slow- and fast-managed wetland oh&smipalmated Sandpipers at the Tom
Yawkey Wildlife Center, South Carolina, Spring 2006

Naive, Area and Proximity ModelsGonstant S and Psi, Constant p
S gt gt
SO p gy®
SO p® g®
SO ) gy TRT
STRQ p(.lyw(.)
st p(TRT) llJ(')
gTRT () .1, TRT
SArea p(.) ljJTRT
STRT (.) .1,Area
S(.) p(.) lIJArea
Sepf p(.) llJTRT

TT+access~(.),,TT
STT bird S[?) ll:I"T

+birds (.
S
STT+SW|nd ()1, 1T
TT+access~(.),;, TT+access
S Py
STT+acces (.),1, TT+birds
STT+birds (.),1, TT+access
STT+birds (.),1, TT+birds
STT+Swind (.),1, TT+access
TT+Swind ,.(.),,TT+birds
S Py

Time-varying Models (epf, access, Swind, birds)
STT ), TT
STT (.) 1, TT+access

STT p(.) lIJTT+birds

STT+epf+Swind+epf*Swind ), TT

(.) l.IJTT+
. l]J access

T

STT+epf+SWi nd+epf*Swind

e

STT+epf+Swind+epf*Swindp(.) LIJTT+birds
STT+epf+Swind+epf*Swindp(.) LIJTT+access+birds
STT+access+epf+SWind+epf*Swin ()1, 1T
STT+access+epf+SWind+epf*Swin (.),1,TT+access
STT+access+epf+Swind+epf*Swin (.),1,TT+birds
STT+birds+epf+Swind+epf*Swin (.),1,TT+access
STT+birds+epf+SWind+epf*SWindp(.)qJTT+birds
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Appendix I11. List ofa priori models used to assess daily residerfeye(nd movement( )

rates between slow- and fast-managed wetland oh&smipalmated Sandpipers at the Tom
Yawkey Wildlife Center, South Carolina, Spring 2007

Naive, Area and Proximity ModelsGonstant S Psi, p by grogg., Resight and Telemetry)
SO gt gt

SO p@ O

SO g@ o

gIRT p(9) ljJ(')

st p(9) qJTRT

STRT (@) ,TRT

Sareap(g) qJTRT. |

Sareap(g) llJprOX|.m|'ty

STRT p(g) l]JprOXImlty

Time-varying Models, p by grouf@pf, prey, access, Swind, area, proximity)
STT (9) ,1,pProximity
Py

STT+accessp(g)Lparea
STT+accessp(g)Lpproximity
S:::birds p((g)) llJproximity

re area
g P ypg llJ N
STT+prey (g)wproxmny
STT+Swind p(g) LIJproximity

STT+epf+Swind+epf*Swind (TRT(g)),,,area
STT+epf+Swind+epf*Swindp(TRT(g))quroximity
STT+prey+access+prey*acce TRT(Q)),,area
STT+prey+access+prey*accefj{TRT(g))quroximity

STRT+T (TRT(9)) ,, TRT+T
STRT+TT p(TRT(g)) llJTRT+TT

STT+acces (TRT(Q)) ,;,TRT+TT+access
STT+acces (TRT(Q)) ,,TRT+TT+birds
STT+acces (TRT(Q)) ,|, TRT+TT+prey
STT+birds (TRT(Q)) ,;, TRT+TT+access
TT+birds (TRT(g)) ,;, TRT+TT+birds
S p Y
STT+b|rds (TRT(Q)) ,,TRT+TT+prey
STT+prey p(TRT(g)) TT+prey
STT+prey p(TRT(g)) TRT+TT+access
TT+prey (TRT(Q)) ,;, TRT+TT+birds
S p P
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STT+SWind p(TRT(g)) qJTRT+TT+access
STT+Swind (TRT(Q)) ,, TRT+TT+birds

TT+Swind (TRT(Q)) ,;, TRT+TT+prey
S p Y

STT+birds+epf+Swind+epf*Swin (TRT(Q)) |, TT+prey
STT+prey+epf+Swind+epf*Swindp(TRT(g)) LIJTT+prey+au:cess
STT+prey+epf+SWind+epf*Swin (TRT(Q)) ,,TT+birds+access
STT+prey+birds+epf+SWind+epf*Swin (TRT(g)) |, TT+birds
STT+prey+birds+epf+Swind+epf*Swin (TRT(Q)) ,, TT+prey
STT+prey+birds+epf+Swind+epf*Swin (TRT(Q)) ,j, TT+prey+access
STT+prey+birds+epf+SWind+epf*SWintb(TRT(g)) qJTT+birds+prey

STT+epf+Swind+epf*Swind (TRT(g)) ,;, TRT+TT+access
STT+epf+SWind+epf*Swindp(TRT(g)) qJTRT+TT+birds
STT+epf+SWind+epf*Swind (TRT(Q)) ,, TRT+TT+prey
STT+prey+access+prey*acce TRT(Q)),;, TRT+TT+access
STT+prey+access+prey*acce TRT(Q)) ,1,TRT+TT+birds
STT+birds+prey+access+prey*acc S§TRT(9)) ,1, TRT+TT+birds
STT+prey+epf+SWind+epf*Swincb(TRT(g)) qJTRT+TT+access
STT+prey+epf+Swind+epf*Swin (TRT(9)) ,;, TRT+TT+birds
STT+prey+epf+Swind+epf*Swindp(TRT(g)) LIJTRT+TT+prey
STT+prey+epf+SWind+epf*Swin (TRT(Q)) 1, TRT+TT+prey+birds
STT+access+epf+SWind+epf*Swin (TRT(Q)) ,, TRT+TT+access
STT+access+epf+Swind+epf*Swin (TRT(9)) ,;, TRT+TT+birds
STT+access+epf+Swind+epf*Swin (TRT(Q)) 1, TRT+TT+prey
STT+access+birds+epf+SWind+epf*SWirHTRT(g)) qJTRT+TT+prey

STT+ epf+Swind+epf*Swind+prey+access+prey*accb<{§'RT(g)) TRT+TT+access
STT+ epf+Swind+epf*Swind +prey+access+prey*accEjﬁRT(g)) qJTRT+TT+birds
STT+ epf+SWind+epf*SWind+prey+access+prey*accb‘{§'RT(g)) qJTRT+TT+prey

117



